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EQUATION SOLVING PROGRAM FOR AERODYNAM!IC
LIFTING SURFACE THEORY

Richard T. Medan
Ames Research Center
and
Opal J. Lemmer
Computer Sclences Corporation

ABSTRACT

This document Iis a description of and user's manual for
one of a group of FORTRAN programs whlch, together, can
he used for the analysis and design of wings In steady,
subsonic flow according to a kernel function method
1Ifting surface theory. Thils particular program Is the
one which solves the sets of slmultaneous, linear,
algebralc equatlons arising from the thin wing
analyslis. This program has the capablility of striking
out rows and columns of the aerodynamic Influence
matrix and rows of the assocliated boundary condition
vectors (right hand sides), This capabllity
significantly enhances the effectlveness of the kernel
function method of 11fting surface theory because
studies of the convergence of solutions with the number
of control polnts can be done with the calculation of
only a single Influence matrix,
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EQUATION SOLVING PROGRAM FOR AERODYNAMIC
LIFTING SURFACE THEORY:

Richard T. Medan
Ames Research Center
and
Opal J. Lemmer
Computer Sciences Corporation

INTRODUCT|ON

This document i{s a description of and user's manual for
one of a group of FORTRAN programs which, together, can
be used for the analysis and design of wings in steady,
subsonic flow according to a kernel function method
1ifting surface theory., Thls particular program Is the
one which solves the sets of simultaneous, llinear,
algebralc equations arising from the thin wing
analysis, This program has the capability of striking
out rows and columns of the aerodynamic influence
matrix and rows of the assoclated boundary condition
vectors {rlight hand sides). This capability
significantly enhances the effectiveness of the kernel
function method of 1i1fting surface theory because
studles of the convergence of solutions with the number
of control points can be done with the calculatlon of
only a single influence matrix.

The theory behind the program is described in ref. 1
whlle the other, associated computer programs are
described in refs, 2-8,

Questlions c¢oncerning elther this document or the
computer program or the assoclated computer programs
should be directed to:

R. T. Medan

Mall Stop 247-1

Ames Research Center
Moffett Fleld,

Ca. 94035



MATRIX MANIPULATION AND EQUATION SOLVING PROGRAM

2 GENERAL DESCRIPTION

This computer program solves sets of simultaneous,
1lnear equatlons derived from an aerodynamlc influence
matrix which Is stored on disk along with the boundary
condition matrix. After the solution is obtained it is
stored on a disk flle for later use by programs which
evaluate loads, pressure distributlions, etc.

The program can be operated elther 1In a batch or
conversational mode. |f done conversationally the user
s prompted for Input., By entering varlous commands
the user can have the solutions stored or printed, the
boundary conditlion matrix printed, spanwise and
chordwise control points printed, etc, Operating
Instructlions are glven 1In sectlon & while a complete
description of the commands 1is Included in sections 5
and 6,

The program has the capability of deleting rows and
columns by the wuse of the DSM, DCM, DSP, DCP, and DPP
commands. Deleting rows deletes control points while
deleting columns deletes pressure modes., After a case
s completed the user has the option of: (1) goling
through the same file again deleting more rows and/or
columns, (2) starting a new wing, or (3) halting the
program, :

if the wing Is symmetric, then the program will employ
symmetry to reduce the amount of computation. |In the
case of wing symmetry the boundary condltions stored on
the boundary conditlion file can be symmetric,
antisymmetric, or both and the aerodynamic Influence
matrix can contaln symmetric, antisymmetric or both
types of spanwlise pressure modes. |f the boundary
condition file contalns both types of boundary
conditions and the influence matrix flle both types of
spanwise modes, then the user can obtaln solutions for

symmetric cases only, antisymmetric cases only, or
both.
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'3 METHOD OF SOLUTION

Householder's method for solving simultaneous 1lnear
equations Is utlltzed. This method was chosen because
it Is applicahle to both square and rectangular
matrices and in the case of rectangular matrices It Is
not necessary to least square the matrices first (ref,
7).

There is a storage advantage in that the whole matrix
need not be In core at one time., The program reads in
only as many rows as there are chordwise control
points, The method was taken from ref. 7 and mod{fied
to achieve the capability of striking out rows and
columns.

This subroutine triangularizes the influence matrix by
means of orthogonal transformation matrices which
preserve the <conditionlng of the matrix. This, along
wlith the eliminatlon of the need for a least squares
routine greatly Iimproves the numerical accuracy and
stability of the solution over that of the Gaussian
reduction method.



MATRIX MANIPULATION AND EQUATION SOLVING PROGRAM

4 USERS INSTRUGTIONS
4.1 INITIAL SETUP--AMES' 360Q/67 ISS
For elther batch or conversational processing the
followlng TSS commands must be given. These commands
are requlred once and only once for each user ID. The
first three commands create the identification number
flle named IDFILE, This file contains four zeroes In
binary form.
SHARE MEDAN,FSARTM,INIDFILE
CDS MEDAN,IDFILE
DELETE MEDAN
- SHARE MEDAN,FSARTM,LSPROG.V1
4.2 QCONVERSATIONAL MODE--AMES' 360/67 TSS

See section 4.1 for the Initial setup. All Integer
data should be entered In a 1615 format, all
alphanumeric data left justifled beginning in column 1,

After loggling on proceed as follows:

User: ames usysllb
Jobllbs sysullb
jb1b medan
User: call solvrs
Prog: ENTER BATCH
User: Carriage return
Prog: ENTER ODISK
User: For terminal output enter carriage return.

For output to a disk file enter a positive
non-zeroc number less than 10, For the AMEST
TSS system the output will be found on the
file named OUTPUT,SOLVR.NX where X 1Is the
numerical value of 0ODISK., The program issues
Its own DDEF commands so no control cards are
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Prog:

User:

Prog:

User:

needed, The program uses logical unlt & for
this output.

ENTER ID1, 1D2, ID3
Enter ldentificatlion numbers

ID1 ldent!ificatlon numher of the geometry
file from which the AIM and BC - files
have been derived,

IN2 ldentification numher of AIM flle,

ID3 ldentification number of the boundary
condition file.

These ldentification numbers are used to
create DDEF's which are {ssued by the
subroutines AIMFIL, BCFIL and RBNKFIL.
This makes it unnecessary for the user
to Issue DDEF commands on the TS§
system. These numbers are also checked
against the ldentiflication numbers on
the files., This is unnecessary in the
TSS verslon, but would be helpful as an
ald in Insuring that the correct flles
are being used If the program were to be
converted to another computer.

ENTER NTYPE

(NTYPE wlll not be requested for an
unsymmetric wing)

Enter:

-1 to obhtaln solutions to the antisymmetric
cases only, .

0 to obtain solutions to the symmetric
cases only, or

+1 to obtaln solutions for both types of
cases.
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Prog:

User:

™

At this polint the user must begin entering
commands, After each command he wlll be
prompted for supplemental Input or with
another + slgn Indicating that he should
enter another command, The full list of
commands is glven In sectlon 6 while a baslc
11st for the beginner is included in section
5. After the NEW or KNEW command the next
Input will be ODISK followed by ID1, 1D2,
1D3, and NTYPE, Use the HALT command to
terminate execution,
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4.3 BATCH MODE--AMES' 360/67 TSS

See sectlon 4.1
be entered In a 1615 format, all

data

should

for the Initial setup. A1l Integer

alphanumeric data left justified beginning in cotumn 1.

CARD
CARD
CARD
CARD
CARD

CARD

l....AMES USYSLIB

2....J0BLIBS SYSULIB

3....JBLB MEDAN

b.,...CALL SOLVRS$

SIGOOT

6....File Identification numbers--191, 1D2, ID3

ID1

In2
ID3

ldentification number of the geometry
flle from which the AIM and BC files
have been derlved.

ldentificatlion number for AIM file,

ldentification number of BC file,

These identificatlon numbers are used to
create DODEF's which are lIssued by the
subroutines AIMFIL, BCFIL and BNKFIL.
This makes It unnecessary to include
control cards on the TSS system. These
numbers are also checked agalnst the
identificatlon numbers on the flles,
This |s unnecessary in the TSS version,
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but would be helpful as an aid In
Insuring that the correct flles are
being used |If the program were to be
converted to another computer,

Card 7....NTYPE (omit for an unsymmetric wing),

Enter:

-1

to obtaln solutions to the antisymmetric
cases only.

0 to obtaln solutions to the symmetric
cases only.
+1 to obtaln solutfons for both types of
cases,
NEXTsesessFollow by cards contalinling commands

{described In sections 5 and 6) In columns

1-3

each followed by a card contalning

command arguments (If the command c¢alls for
arguments) as speclfied In section 6.
Following a NEW or KNEW command input resumes
with card 6, The HALT command must be the
last card of the Input deck.
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. 4.4 OTHER COMPUTERS

Remove all calls to BCFIL, AIMFIL, BNKFIL, OBEY,
CVRT In the maln program and use appropriate tape

disk control cards In their place. These, hopefully,
are the only changes that need to be made since

considerahle effort was made to code the program

standard FORTRAN, Then follow the lnstructlons, where

appropriate, In sectlon 4.2 and 4,3,
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5 EAS.LQ_QQMM&N.QS.

These commands will enable & new user to run the
program without deleting rows or columns or having any
options. The solutions will be stored. There Is no
Input assoclated with these commands.

HALT......Terminates program. This command 1s needed
and Is the last [tem of Input.

NEWsv.os..Begln a new wing.

START.....Begln processing.

10
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6 EULL DESCRIPTION OF COMMANDS

I'n this section the commands which control the flow of
the program are described, In -all cases the first
three letters of a command are sufficlent Input. All
numeric fields are to be entered In a 1615 format, All
alphanumeric data Is to be left Justified and begin in
column 1. The Iinput assoclated with some of the
commands {s prompted for In conversational processing
and In batch processing Is to be on cards Immedlately
following the command card. All commands except HALT
may be 1issued more -than once. This s especlally
useful in the conversational mode for correcting data
entered 1n error. Many commands have opposite commands
(1.e. STORE and NSTORE): the one given most recenttly
is the one that governs. The commands are gliven below
in alphabetical order: -

CONTINUE

EFFECT....Causes processing to continue In the batch
mode when an erroneous command s
encountered, Otherwise execution will
terminate, In the conversational mode an

invalid command message will be Issued and
processing will contlnue.

DCM-=-Delete Chordwise Modes

Input,....NMAX2

Effect....Wi11 1Imit the number of chordwise modes to
NMAX2. NMAX2 must be X any previously
entered NMAX2 and must be £ the original
number of chordwise modes, NMAX,

11
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DCP--Delete Lhordwlse control Points

Input.....{PDEL)~~an Integer array of not more than 17
polnts to be deleted, The array must be In
ascending order. The Indlces referred to are
always the origlinal Indices {(i.e. I1f there
were 5 chordwise control points and the user
deleted the 2nd and 4th, then the indices of
Ehe rem?ining points would be 1, 3, 5 and not

, ’2’31

Effect....The chordwise control points specifled are

deleted.

DPP--Delete a Particular Polint

Input.....P,M (P and M are Iintegers)--These are
always the origlinal Indices. P denotes the
chordwlise control point number (P = 1 denotes
the point c¢losest to the leading edge). M
denotes the spanwise control point number (M
= 1 denotes the spanwlse control point
closest to the right slde edge).

Effect....The control point with the indices P,M will
he deleted.

DSM~~Delete §pénwise Modes

Input..,..KK2; The new maximum number of spanwlise
modes, The number Includes all modes, not
Just the ones being used. For example if
KK2 were 11, then this would Include &6
symmetric and 5 antlsymmetric modes. KK2
must be £ to any previously entered KK2
and/or £ KK,

Effect....LImits the new maximum number of spanwise
modes to KK2,

12
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DSP--Delete §panwise Control Points

Input....,.{MDEL) ~=an Integer array of not more than 17
points to be deleted. These always refer to
the orliginal control points and must be in
ascending order.

Effect....The spanwlise control points with Indices
In array (MDEL) will be deleted.

HALT

Effect....Terminates execution.

KNEW

Effect....Begins a new wing leaving the following
commands in effect: STORE or NSTORE, SUM or
NSUM, PCP or NPCP, RHS or NRHS, CONTINUE,
PIND or NPIND,

NEW

Effect....Begins a new wing resetting all commands and
variahles to thelr default settings.

NEC

Effect....Reverses effect of PCP command; the controi
points will not be printed. (Sets Jloglcal
variable POINTS to .FALSE.). Thls command
need not be given unless the PCP command was
previously glven since this command reflects
the default status.

NPIND

Effect....Reverses effect of PIND command; Indices of
rows and columns retalned will not be
printed. Sets logical wvariable PIMD to
.TRUE, This command need not be given unless
the PIND command was previously glven since
this command reflects the default status.

13
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NPS

Effect....Reverses the effect of PSOL command; the
solutions wlill not be printed., This command
need not be given unless the PSOL command was
previously glven since this command reflects
the default status,

A

Effect....Reverses the effect of RHS command; the rlght
hand sides will not be printed, This command
need not be given unless the RHS command was
previously glven since thls command reflects
the default status,

NSTORE

Effect....Reverses effect of STORE command--solutions
will not be stored on solutlon flle. Since
STORE Is a default this command must be
issued to prevent solutlions being stored.

NSUM

Effect....Reverses effect of SUMMARY command--a summary
of commands will not be printed. This
command need not be given unless the SUM
command was previously glven since thls
command reflects the default status,

PCP~-Print Control Points

Effect....Control points will be printed.

14
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PIND-=Print INDIces

Effect....The Indices of rows and columns retained wil)
be printed.

PSOL==Print SQlLutions

Effect....S50lutlons will be printed,

RCP--Restore Lontrol Points

Effect...,.Restores the control points to that set
originally on the Influence matrix and
boundary condition flles., This command can
be used 1f the conversatlonal user acclidently
speclfles the wrong control points with the
DCP or DSP commands.

RHS-~-Rlght Hand Sldes
Effect....RlIght hand sides wlll be printed.

RPM--Restore Pressure Modes

Effect....Restores the pressure modes. Thls command
can be used |f the conversatlonal user
accldently glves a-smaller value for NMAX2 or
KK2 (pCM and DSM commands) than [ntended,

START

Effect....Causes processing to hegln, Thils is the last
command that can bhe given faor a partlcular
salutlon, After the solutlon has been
obhtalned and {1f NSTORE has not been glven)
stored, the usar may delete more rows and/or
columns and ohtaln mare salutlons,

15
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STORE

Effect....S0lutlons wll1l be stored on solution file.
This command need not be given unless the
- NSTORE command was previously given since

this command reflects the default status.

:

Effect....A summary of commands will be printed.

Is8

input.....A TSS command of 80 characters or less.
Effect....The command s passed to the AMES' TSS
- operating system. After the system processes
the command, control returns to the program.
This command 1s a speclal one for the AMES'
TSS verslion of the program.

i

16



MATRIX MANIPULATION AND EQUATION SOLVING PROGRAM

7 SAMPLE CASE

A sample conversatlonal terminal session on the Ames'
360/67 TSS computer system 1{Is reproduced in thls
sectlon " with additlonal comments added in parenthesls.
During thls sesslion 5 sets of solutlons were
determined, Each set consisted of 2 symmetric cases
and 1 antlsymmetric case, Each of these solutlon. sets
was derlved from the same fInfluence matrix to
{1lustrate how one can study the convergence of the.
kernel functlion method in a very efficlent manner (l.e.
influence matrices which are submatrices of larger
Influence matrices are not calculated)},

For the first solution set the entlre Influence matrix
was used (l.e., no control points or pressure modes
were deleted), The chordwise control polnts used and
the numbering of these control points are shown in fig.
1 while the spanwise control points and numbering are
shown In flg. 2, For this case the total number of
control polnts equalled the total number of pressure
modes. (30 for the symmetric cases and 25 for the
antisymmetrlc case) '

For the second solution set the number of spanwlse
pressure modes was decreased from 11 to 5 (3 symmetric
and 2 antisymmetric modes) while no control points were
deleted., The solution thus obtalned was a solution In
the least squares sense (30 or 25 equations in either
15 or 10 unknowns).

For the third solution set the odd numbered spanwlise
control polnts were deleted leaving the spanwise
control points shown 1In flg. 3. Since the effect of
row and column deletion are accumulative, this left as
many control points as unknowns (15 for the symmetric
cases and 10 for the antlsymmetric cases).

For the fourth solution set the second and fourth
chordwise control points were deleted leaving chordwise
control points on the leading edge, mid-chord, and
tralling edge. Also the number of chordwise pressure
modes was reduced from 5 to 3 leaving as many equations
as unknowns (9 for the symmetric case and 6 for the
unsymmetric case).

For the fifth case 1t was desired to consider 3

17
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chordwise control polnts and chordwise pressure modes
and 11 spanwise control points and spanwise pressure
modes. For this 1t was necessary to restore all the
control points and pressure modes using the RCP and RPM
commands., Then the second and fourth chordwlse control
polnts were deleted and the number of chordwlise
pressure modes was reduced to 3, vieldling the desired
matrlx,

The, output from the following session is glven In
Appendix 1i:

LOGON userid,password,terminal id
AMES USYSLIB
JOBLIBS SYSULIB
JBLB MEDAN
CALL SOLVR$
ENTER BATCH
{carriage return)
ENTER ODISK
1

QUTPUT IS ON ,..OUTPUT.SOLVR.N1...

CANCELLED: DDNAME FTO4FOO01 UNKNOWN

{Messages such as the above occur because of the
automatic file defining feature and do not Indicate any

error.,) .
ENTER IDDi,1DD2,I1DD3
4 2 9

CANCELLED: DDNAME FT11F001 UNKNOWN
CANCELLED: DDNAME FT08F001 UNKNOWN
ENTER VALUE FOR NTYPE, 0 FOR SYMMETRIC, =1 FOR
ANTI-SYMMETRIC, 1 FOR BOTH
1

+
PCP

4

PSOL
4

RHS

o

SUMMARY

+
TSS
CPUTIME?

4,350 SECONDS

&
START

18
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IDh= 15
CANCELLED: DDNAME FT12F001 UNKNOWN
L ]
TSS
CPUTIME?
9,208 SECONDS

+

DSM
ENTER NEW MAXIMUM NUMBER OF SPANWISE MODES OLD MAXIMUM
1S 11
ORIGINAL VALUE WAS 11
5

+
P{ND
+ .
-START
IDb= 16
+
T8S
CPUTIME?
11,996 SECONDS
+
DSP
ENTER SPANWISE CONTROL POINTS TO BE DELETED, 17 MAXIMUM
ASCENDING ORDER
1 3 5

+
START
1DL4= 17
+
TSS
CPUTIME?
14,072 SECONDS
+
ocp
ENTER CHORDWISE POINTS TO BE DELETED 17 MAXIMUM [N
ASCENDING ORDER :
2 b
+
DCM
ENTER NEW NUMBER OF CHORDWISE MODES OLD VALUE IS 5
ORIGINAL VALUE WAS 5
3

+
START

ID4= 18
+

19
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TSS
CPUTIME?

15,956 SECONDS
+

RCP

+

RPM
+
DCP
ENTER CHORDWISE POINTS TO BE DELETED 17 MAXIMUM [N
ASCENDING ORDER
2 4
4o
DCM
ENTER NEW NUMBER OF CHORDWISE MODES OLD VALUE IS &
ORIGINAL VALUE WAS 5§
3
-
START
IDh= 19
+
TSS
CPUTIME?

18.529 SECONDS
+

HALT
PROGRAM TERMINATED BY HALT COMMAND
TERMINATED: STOP
PRINT OUTPUT.SOLVR.N1, PRTSP=EDIT,STATION=RMTOS5
PRINT BSN=2232, 300 LINES
LOGOFF

20
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8.1

8.2

8.3

8.“

8.5

8.6

SUBROUTINES
STOP2 Thls subroutine prints an error message and
terminates execution. it assumes an 80
character message with words of L4 characters
each, If the message from the calllng

SOLVIT

KRUNCH

AIMFIL

BCFIL

BNKFIL

program Is not thls long, then some garbage
will appear at the end of the message. Thls
program will require revislon in the FORMAT
statement 1f the program is used on a system
wlith word tength differing from 4 characters.

Equation solving subroutine which uses
Householder's method described iIn section 3.
Also see the program listing for more
documentation, ,

This subroutine Is used in determining the
arrays (INDCOL) and (INDROW) which are the
Indices of rows and columns to be retalned.
Seea the program 1isting for further
explanation.

This subroutine 1Is used In the AMES' TSS
version only. |Its purpose Is to Jssue a
RELEASE command and DDEF command for the
Iinfluence matrix flle.

Thls subroutine s wused in the AMES' TSS
version only. Its purpose Is to Issue a
RELEASE command and a DDEF command for the
boundary condition flle.

This subroutine s used In the AMES' TSS
version only. Its purpose Is to Issue a
RELEASE command and a DDEF command for the
solution flle,

21



MATRIX MANIPULATION AND EQUAT!ION SOLVING PROGRAM

8.7

8.8

OBEY

CVRT

This ts an

Ames'

ltbrary subroutine

passing commands from the program to
operating system,

'Thls s an

Ames'

library program

preparing RELEASE and DDEF commands

in OBEY,

22
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9

9.1

9.2

ANPUT FILES

The following disk files are read by the program.
For a complete description of the information on
the files see refs. 2-3, The AMES' TSS verslon of
the program Issues its own DDEF commands for the
files, so none need be given. For other systems
appropriate control cards will have to be supplied
for units 8, 9, 11, and 12.

Aerodynamlc Influence Matrix File (AIM file)

This file Is a varlable record length flle and 1is
read from unit 11,

The first record contalns identificatlion and title
Information plus Information about the slize of the
matrix and Jlocatlon of spanwlse and chordwise
control points.

The second and subsequent records contain the
Influence matrix (tself, This flle Is generate
by the Influence matrix program (ref., 2). :

On the Ames' TSS system this flle has the name
AIM. X1 .XJ where | Is the numerical value of 1D1
and J 1s the numerical value of I[D2.

Boundary Condition Flle (BC file)

This file is a variable record 1length file read
from unit 8.

The first record contalns ldentiflcation and title
Information plus Information identifyling the type
and number of symmetric and antisymmetric cases.

The next NSYM records are right-hand sides for

23
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symmetric cases where NSYM equals the

number of

symmetric cases. The next NASYM records are the
right=-hand stdes for antlisymmetric cases where
NASYM equals the number of antlisymmetric cases.
In the case of an unsymmetric wing there will be

NSYM + NASYM right-hand sides,

This flle 1s generated either by the geometry
program (ref, 2) or the boundary condition program

(ref. k).

On the Ames' TSS system this flle has the name

BC.X!.XK where | 1s the numerlcal value
K 1Is the numerical value of 1D3,
determined from IDFILE at the time the
run and Is found In the program output.

g,3 Idehtlflcatlon Number File

of 1Dl and
which 1Is
program |s

This file is read from unlt 9 and rewritten on

unit 9,

This file contalns Ildentiflcation

mumbers In

bfnary form., The fourth number of the file Is the

one used to Ildentlfy the solution.

Whenever

solutlons are to be stored the flle {s read and
updated, This new ldentlification number s then

wrltten on the solution file,

On the Ames' TSS system thls file has
IDFILE.

24
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10

SOLUTION FILE

This Is a blnary file with variable record 1lengths and
Is written on unlt 12, The AMES' TSS version Issues
Its own DDEF commands (control cards) for the flle so
none need be given by the user. On the Ames' TSS
system this file has the name BNK.XI.XJ.XK.XL where |
Is the numerical value of ID1, J Is the numerical value
of ID2, K Is the numerical value of ID3, and L is the
numerical value of IDh. On another system appropriate
control cards will have to be supplied for unit 12,

ID1, 1D2, ID3, Dk, TITLE, SYM, NSYM, (BCS(!),1=1,10),

(BCAS(1),1=1,10), NMAX2, KK2, JJ, PPNEW, MMNEW, NROWSA,
DELTAO, EPS, MACH

ID1 ldentification number of the geometry
file from which AIM flle and BC flles
were derived,

ID2 Identlfication number from AIM flle.
D3 " ldentiflicatlon number from BC flle.
iDL ‘ Identiflcation number asslgned to this

solutlon, ' . :

(TITLE(26)) Title Information,

SYM Logical varlable whose value Is .TRUE.
for a symmetric wing and .FALSE. for
an unsymmetrlic wing.

NSYM ' Number of symmetrlc cases.
NASYM Number of antlisymmetric cases.
(BCS) Ten element logical array ldentlfying

the types of the symmetric cases.

{BCAS) Ten element loglcal array ldentifying
the types of the antisymmetric cases.

25



MATR1X MANIPULATION AND EQUATION SOLVING PROGRAM

NMAX 2
KK2
JJ

PPNEW
MMNEW
NROWSA

DELTAD

EPS

MACH

New number of chordwlse modes.
New number of spanwlse modes.

The number of spanwlse Integration
polnts used by the Influence matrix
program, This number comes from the AIM
file.

New number of chordwise polints.
New number of spanwise points.

The number of rows after deletlon,
This number Is equal to the number of
contro)l points actually used. 1¥f both
symmetric and antlisymmetrlic solutlons
have been obtalned, then NROWSA Is equa)
to the number of control polnts used for
the symmetric cases.

Parameter .in the calculation of the
Influence matrix.

Parameter 1In the calculation of the
Influence matrix,

| Mach number {floating point).

NEXT NSYM RECORDS
(X(J),d=1,NROWSA) The nonzero coefflclents, Bnk, of

the expanslion for the pressure for
the symmetric cases, These are
stored so as to be compatlble with
the following READ statement:

READ(12) ({BNK(N,K),N=1,NMAX2),K=1,
KK2, KJUMP)

where KJUMP=2 If the wing s

symmetric or KJUMP=1 If the wing is
unsymmetric,

26



MATRIX MANIPULATION AND EQUATION SOLVING PROGRAM

NEXT NASYM RECQRDS
(X(J),J=1, NROWSA)

The nonzero coefficlents, Bnk, of
the -expanslon for the pressure for
the antlsymmetric cases. These are

‘stored so as to be compatible with

the followlng READ statement:

READ(12) ¢ (BNK(N,K),N=1,NMAX2) ,K=
KJUMP, KK2, KJUMP) .
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MATRIX MANIPULATION AND EQUATION SOLVING PROGRAM
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Figure 1 - The Chordwise Control Point Distributlon
and Numbering Scheme for the Sample Case.

30



NN

Flgure 2 - The Spanwise Control Polnt Distributlon and
Numbering Scheme for the Sample Case. (Note: The
wing In the flgure Is not the wing used In the sample
case.)
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DETERMINATION OF BNK COEFFICIENTS

- Y

RECTANGULAR WING AR = 2 11-13-73

101
102
103
104
34

UNS
MOD
NTY
PPN
YMN

NMA

KK 2
DEL
MAC
RCS
AC A

SUM

PCP
PSO
RHS
SUA
TSS
STA

M
ES
PE
EwW
W
X2

YA
H

H o % 0 W B w0 4w W H

S
MARY OF

L,-

MARY

KT

s
\0.'-
IR e TR IRV I N T

—

11 :
4.0000
040000

TTFFFFFRFE
FTFFFFFFFF

COMMANDS

CHORDWISE CONTROL PNINTS USED

C.30500
Je14645
0.50000
0.85355
1.00000



SPANWISE CONTROL POINTS USED

0.96533
0.86603
0.70711
0.500030
D.25882
-0 00000

BOUNDARY CNNNITEIONS AT ORIGINAL CONTROL POINTS
(Le€ e TO TeFEee FRIGHT TIP TO LEFT TIP)

ne

CASE 1
1.00000 1.000069 1.00000 1.000C0 1.00000
1,00000 1.00000 1.00000 1.00000 1.60000
1.230000C 1.000900 1.00000 1.000CG 1.00000
1.00000 1.00000 1.00000 1.00000 1. 00060
1.09502 1.30000 1.00000 1.00000 1.20000
1.0000C 1.C0000 1.00000 1.00000 1.00C00



S¢

CAS

£ 2

0.00000
0.C0000

2.000200

0.00000

NUMBER OF CONTROL POINTS
NUMBER OF PRESSURE MNDDES

SOLUTION FOR SYMMETRIC CASES

0.00000

0.20000

CASE 1

0.9592875
-0 23434652
-0.0878328
-2.0263244
-0.0096303

0414645
0.14645
0.14645
0.14645
0.14645

0.14645

([

CASE 2

0.2237329
D.6579308
-0.022784T7
0.0056143
-0.0019472

0.50000

0.50000

a.sooeof

0.50000
3.500C0
0.50000

30
30

"0.85355

 0.85355

0.85355
0.8535%
0.85355

0.85356

THE DETERMINAMT OF ( A-TRANSPOSEY*A = 0,117T73389E 22

1.000600
1.00090
1.0000Q
1.60000
1.C0000

1.00000



e LWL

9¢

&
7
8
9
10

11
12
13
14
15

16
17
18

19

20

21
22

23

24
25

26
27
28
29
30

BOUNDARY EONDITIONS AT ORIGINAL CONTROL POINTS
RIGHT TIP TO LEFT TIP)

0.1084463
-0.1937814
-0.114809%
-9.0630316
-0.0266566

0.0439750

-5.0883476
-0.0770952

~0.0612980
=0.0312412

0.0233391
-0.04668022

-0.0452612

~0.0428134
-0.0246244%

0.0119725
-0.0239923
-0.,0237498
-0.0236830
-0.0144601

0.09236820
-D.0073745
-0,0073520
-3.0074018
-0.0046311

(LeEoa TO ToFeo

0.0032115
0.0297757
-3.0201028
0.0021874
-0.0050513

0.0042856
-0.0059570
-0.0120187
-0.0035019
~040055371

0.0031349
-0.0057873
-2.0070768
-0.0045091
-C.0042022

2.0017669
-0.0034023
-0.0037836
-0.0030724
-0.0024254

0.0005621
-3.0010958
~0.,0011825
-0.0007719



CASE 3

0.96553

Le

0.76593 D.96593 0496593 0.96593
0.86603 0.86603 0.86603 0.856603 0.86603
0.TOT11 JeT0OT11 0.70711 0.75711 0.70711
0;50000 0.5000¢C _0350000 0.50000 0. 50000
0.25582 J.25882 0.25882 0.25882 0.25882
NUQBER OF CONTROL POINTS = 25
NUMBER OF PRESSURE MDDES = 25

THE DETERMINANT DF{A-TRANSPOSEI®*A = 0.328441723E 18

SOLUTION FOR ANTI-SYMMETRIC CASES

CASE 1

0.3958588
-3.3087006
~0.1107676
~0.0433692
~3.0158296

o DY

2.0606708
-).1169108
-2.0054544
-6.3566794
~0.0255904

O OOy

1



8¢

11
12

13

14
15

16
17
18
19
20

21
22
23
24
25

SOLUTION FOUND AND STORED

0,.,0273721
-0.0544521
-1.0503660
-0.0443864%
-0.0238526

N.0141472
-0.0283824
-2.0277684
~0,0272557
~0.0161263

0.0062318
~0.0124%04
-0.0124014
~0.0124801
~-0.0077C820

FINISHED



6¢

" DETERMIMATION OF BNK COEFFICIENTS

RECTANGULAR WING AR = 2. 11-13-73

N1 = 4

102 = 2

103 = 9

104 = 16

Jy . =19

UNSYM = O

MODES = 1

NTYPE = 1

PPNEW = 5

MMNEW = 11

MMAXZ? = 5

KK 2 = 5

DELTAO =  4.7000
MACH = 0.0000
BCS = TTFEFEFFFF
BCAS = FETFFFFFFFF

SUMMARY NF COMMANDS

TSS
nSM
PIND
START

CHOZNWISE CONTRDL POINTS USED

0.00000
D.14645
0.50000
C.85355
1.00000



ot

SPANWISE CONTROL POINTS USED

0.96533
0.86603
0.70711
0.50000
0.25882
-0.00000

INDICES NF COLUMNS TOD BE RETAIMED

1 2 3 4 5 11 12
13 14 15 21 22 23 24
25

INDICES OF RNWS TN BE RETAINED

1 2 3 4 5 6 7
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 23 24 25 26 27 28
29 39 ‘
NUMBER (1F CONTROL POINTS = 30
NUMBER 0f PRESSURE MODES = 15
THE DETERMINANT OF (A—TRANSPOSEI*®A = 0.52918963E 06

SOLUTION FOR SYMMETRIC CASES



|8

P DY -

OO @D~N,

P

11
12
13
l4
15

CASE 1

2.2563015
=0.3391642
-J3,0858390
~3.0247415
~0«00RRTHL

Gall117279
-0.2003296
~0.1217275
=D.0688°10
-0.0288136

D.0466561
~(3.0936345
-0.0796093
=J.0537491
-0.0285094

CASE 2

0.2933132
0.6583294
~0.0223944
0.0057314
-0.0018154

0.0D036379
0.0290937
-0.0213837
0.0018656
~0.0055897

0.0046587
-0.0063517
-0,0128674
-0.002913%

~0.0053198

INDICES OF COLUMNS TO BE PETAINED

& T A 9 10 16 17
186 19 20 ‘

INDICES OF ROWS TO BE RETAINED

1 2 3 4 5 6 7
8 e 10 1t 12 13 14
15 16 17 18 19 20 21
22 27 24 25
NUMBEER 0OF CONTROL POINTS = 25
NUMBER OF PRESSURE MODES = 10

THE DETERMINAMT OF(A-TRAMSPOSE)*A = 0,74841275F 06



Zh

SOLUTION FOR ANTI-SYMMETRIC CASES

CASE 1

0.3965770
-0.3107769
-0.1147077
-0.0454141
-0.0156609

[V I RRU LI ot I

0.0668647
-0.1312739
-0.091679
-0.23548593
10 -0.0220116

Do~

SOLUTION FOUND AND STORED

FINISHED



£

NDETERMINATION OF RNK COEFFICIENTS

—— - — - - —— v WY S e
TSRS XSS CSE RS ESSOSESTETRIITESX

RFCTANGULAR WING AR = 2 11-13~-73

10t
102
103
104
JJ
UNSYM
MODE S
NTYPE
PPNEW
MMNE W
NMAX2
KK2
DELT AQ
MACH
RCS
RCAS

AN U ke e O e = DN

440002
0.0000
TTFFFFFFFF
FTFFFFFFFF

[T N LT T T T O (N | O SO SO IO [ N

SUMMARY 0OF COMMANDS

TS5

psp
START

CHORDWISE CONTROL POINMTS USED

€. 00000
0414645
5.50000
N.85355
1.200C0



Tt

SPANWISE CONTPOL POIMYS USED
0.86603
0.50000
~0,00000

INDICES OF COLUMNS TO BE RETAINED

1 2 3 4 5 i1 12
13 14 15 21 22 23 24
25

INDICES OF ROWS TO BE RETAINED

6 7 8 o 10 16 17
18 19 20 26 27 28 29
30

NUMBER OF CONTROL POINTS = 15

NUMBEQ DOF PRESSURE MODES = 15
THE DETERMINAMNT OF(A-TRANSPOSE)*®A = 0.17823940F 07
SOLUTICN FUOR SYMMETRIC CASES

CASE 1} CASE 2

1 0.9548624 0.2930498
2 -0.3345991 0.6591860
3 ~3,07992099 -{.02122937
5 -D.N04T418 -0,0010586



6
7
8

9
10

11
12
13
14
15

0.034B424
-0.1665186
~D.0883C00
-0.0367432
-D.0117176

0.0155498
-2.0393625
~1),03022078
=0.01729232
-C0«CC65783

0.0012067
D.0335271
=0.01564135
0.0053368
=2.002397¢

0. 0010045
D.0000173
-0.0045080
0.0009768
~2.0012288

Sh

INDICES OF COLUMNS TN BE RETAINED

6 - T g Q 10 16 17
18 19 20

" INDICES OF ROWS TN BE RETAINED

6 T 8 9 10 16 17
18 19 2¢
NUMBER OF CONTROL POINTS. = 10

NUMBER 0OF PRESSURE MODES = 10

THE DETERMIMANT CF(A-TRAMSPOSE)*A = 0.86T15039E Q4

SOLUTION FOR ANTI-SYMMETRIC CASES

CASE 1

G.3885300
=0.,0962846
=0.,0250404
-0.00777L0

TP N e



9n

& 0.0452002
7 -0.0878599
B -0.0553636
9 -0.,02T76744
10 -0.0093136

SOLUTION FOUND AND STORED

FINISHED



it

CONMAY2

DETERMINATION CF BANK COEFFIC LENTS

] e e Ty
L S AN R S S S ST SR o ESrFTESEZT DS Ss=====

RECTANGULAR WING AR = 2 11-13-73

101
102
103
104
JJ
UNSYM
MODE S
NTYPE
PPNEW
MMNE W

VI U ) = e D DO N

KK2
NELYAD
MACH
BLS
BCAX

4.0000
0.0000
TTFEFFFFFF
FTEFEFFFEF

(UL I N | DO DO L O S L B N | N - N O |

SUMMARY OF COMMANDS

T5¢
oce
DCM
STARTY

CHORDWISE CONTRGL POINTS USED
0.0000C

0.5000D
1.29029



84

SPAMWISE CIONTEOL POINTS USED

0.866032
N.50000

-0.00000

INDICES OF COLUMNS TO BE RETAINED

1 2
22 23
INDICES OF
é A
28 an

NUMBER [F CONTROL POINTS
MJMBES OF PRESSURE MODES

THE DETEPMINANT OF(A-TRANSPOSE)}*A = 0.13721305E 05

SOLUTION FOR SYMMETRIC CASES

W N e

e Jae R oo

CASE 1

0.95%5366
-0.3473339
~0.0799000

0.1041752
~-D.1RR5246
-0.0907550

0.0223645
-0.047 7085
-0.0314681

11

16

nH

CASE 2

0.2921880
0. 6642578
-0.0210888

0.0008584
5.0355538
-0.0151825

0.0011664
~0.0001797
~0.0043278

12 13 21

EOWS TO BE RETAINED

18 20 26

9
9



6t

INDICES OF COLUMNS TO BE RETAINED
6 7 8 16 17

INDICES DF ROWS TO BE RETAINED

& 8 10 16 18
MUMBER OF CONTROL POINTS = 6
NUMRER OF PRESSURE MODES = 6

THE DETERMINANT OF (A-TRANSENSE }#*A
SOLUTION FOR ANT I-SYMMETRIC CASES

CASE 1

1 0.3561701

2 --0.3133378

2 -0,098112%

"4 0.0517030
5 -0.1026420

6 =0.0576963

SOLUTICON FOUND AND STORED

FINISHED

=

18

20

0.41%41284F 03



0§

DETERMINATIAN OF BNK COEFFICIENTS

ﬁ======-“=======t===========£‘£=====

RECTANGULAR WING AR = 2 11-13-73

D1l = 4

In2 = 2

ID3 = Q

104 = 19

JJ = 191

UNSYM = 0

MODES = 1

NTYPE = | B
PPNEW = 3

MMNFE W = 11

NMAXD = 3

KK 2 = 11

DELTAQD = 4,0000
MACH = 0.0000
RCS = TTFFFFFFFF
BCAS = FTFFFFFFFF

SUMMARY OF CUMMANDS

TSS
RCP
RPM
nce
DCM
START

CHORDWISE CONTROL POINTS USED
2.20000

J.50000
1.03000



18

SPANWISE CONTROL PDINTS USED

D.96593
UeB866D3
2.70711
0.50000
U.25882
-0.00000

INDICES OF CNLUMNS TC BE RETAINED

1 2 3 11 12 13 21

22 23 31 32 33 41 42
43 51 52 53

INDICES (OF ROWS TO RE RETAINED

1 3 5 ) 8 10 11
13 15 16 18 20 21 - 23
25 26 28 3¢

NUMBER OF CONTROL POINTS = 18
= 18

NUMBRER OF PRESSURF MODES
" THE DETERMINANT OF(A~TRANSPNSE)*A = 0.62640890F 14

SOLUTICON FOR SYMMETRIC CASES

CASE 1 CASE 2
1 0.9661451 0.2932169
2 —De3604457 0.6623058

3 -0.CABTH32 -2.0225372



(A

[+ N I

Nolie RN

10
11
12

13
14
15

16
17
18

INDICES OF CULUMNS TO BE RETAIMED

(]
27
41

0.,122800°
-0.2260956
-D0.1176664

0.0547528
~0.1107294
-2.0782859

0.0287693
-0.,0575409
~0.0435586

3.0140763
-0.,0280615%
~0.0213801

0.G041469
-J.0082601
-0.2063017

7
23

0.0036634
0.23£1290
-0.0194774

0.0054766
-0.0114408

0.0032528%
-0.0074588
-0.0065170

0.0021257
-0.,0041540
~0.0033279

0.0006465
-C.0012729
~0.0010010

L&
37

17
38

INDICES OF ROWS T BE RETAINED

1
13
25

NUMBSER OF COMTROL POINTS
MUMAER OF PRESSURE MODES

THE DETERMINANT OF(A-TRANSPOSE 1*A

3
15

5
16 18

&

nwoH

8
20

15
15

18
46

10
21

0.43119084F 12

26
47

11
23



€S

SOLUTION FOR ANTI-SYMMETRIC CASES

CASE 1

2.4065139
~0.3341637
-0.1126727

W N

0.0720457
-0.1435348
-0.0877573

o N P

-

0.0336897
-0.,0677919
-{0.050116%

O o

10 0.0170100
11 -0.9339469
12 -0.0258488

13 0.0071492
14 ~0.0142447
15 -0.0108606

SOLUTION FOUND AND STORED

FINISHED



APPENDIX 11

COMPUTER PROGRAM LISTING

Gk



iNTEGER UCI,Us,UcO,U8,uU20,U11,U12,UNSYM, PP, P, CHTYPE,SKTYPE,
| 1PDEL , HOLD, PPNEW, OD 15K |
~ LOGICAL BCS,BCAS,INVERS,READA,BATCH,STORE, RHS,COMSUA,
| {POINTS,cONTIN,cONV,PSOL,PIND,SKIP,CHECK ,OPEN,, SYM, 48N,

| 28C82,8Ca82
. REAL MACH | - |
REAL Wals,NEWS, KNES,NSTS, NSUS,NPr§,NRHS ,NPSS NPTS

DIMENSION PDEL(LT),MDEL(17),TITLE (26), INDROW 100},
{INDEOL100), INDDEL¢100),CarRDIM 4, 100),ETACP(47),

‘ 2NINDEX (47),CHICP (20),ALFA(B0,10),BC8(10),BCA8(10),
IXETACP(UT),A(1000),AR(120), .

GIL (1200, ATA(B0,90),XCHICP(20),RMSRES(20),X(80,10),
SAINV(1,100),L1873¢2,25%),L18T1¢20),L18T2¢47),8C52¢10),BCA82¢10)

€
CoveesTSSCOM 18 ONLY USED TO STORE AMESt1 TSS COMMANDS,
c &

DIMENSION TSSCOM(20)
C _ '
bl EQUIVALENCE (AINV(1,1),XEYACP 1)), (MDEL (1), PDEL(1)),
1¢XCHICPEL),401)) '

¢
Coeee NX SHOULD wE THE FIRST DIMENSTON OF ¢X) aAND SHOULD sE
CovessAS LARGE AS THE NUMBER OF MODES TOTaL, THE SECOND DIMa
CeasssENSION OF (X) S4OULD BE aS LARGE AS THE NUMBER OF CASES
Coveoo(ROTH SYMMETRIC AND ANTISYMMETRICY,
CeseesNB SHOULD mE THE FIRST DIMENSION OF (ALFA) aND SHOULD RE
CoveeoAS LARGE AS THE NUMBER OF CONTROL POINTS BEFORE aNY
Covyso ARE DELETED, THE SECOND DIMENSION OF ¢alLFA) SHMOULD BE AS
Ceoees LARGE AS THE NUMBER OF CASES BEING TREWTED,

DATA UCL/S/,UC0/6/,U8/8/7,020/709/,u81/11/,U12/712/7,BLANK /1n /,

1CASE/UHCASE/,IFMT/0/ ,NX/80/ ,NB/BO/ ,NAINV/1Z,

2INVERS/ FALSE,/ ,READA/,TRUE,/,NCOMK/ 100/

DATA wmaALS / WAL /
DATA NEWS , IHNEW /
DATA KNES / sHKNE
DATA DCMs 7 3INDCM 4
‘ . DATA DsMg 7 3IHDSM ¢
DATA DCPS , 3IMDCP

| p



CATs: DSPS s 3IHDSP
DATA OPPSs ; 3IHDPP /
DATA CONS / JHCON /
DATA STAS / 3MST2 /
DATA NSTS , SHNST
DAaTa &T0s , 3HSTO ¢
DAtTa SUMs / 3IWSUM
DATA NSUs /7 3MNSU ¢
CATA PCPs 7 3IHPCP 4
DATA NPCs /7 3HNPC
DATA RHSS /7 3HRHS /
DATA NRHS ; 3ZHNRH /
DATA PSOs , 3HPSOD
‘DATA NPSS$ /7 3HNPS /
DATA PINg 7 3WPIN ¢
DATA NPls / 3HNPI ¢
CATA SETS , 3HSET 4
DATA T88s , 3HISS /
o DATA RCPS , 3IHRCP /
c
OPENs a FALSE,
COM 3 BLANK
WRITE(UCO,R0Y)
c
o ESYABLISH WHETHER THIS IS Ao BATCH OR CONVERSATIONAL JOB
READ(UCI, 799} BATCH
conv = NOT,BATCY
c
17T CONTINUE
IND = p
¢ IND » | WHEN BOTH SYMMETRIC AND ANTISYMMETRIC SOLUTIONS
o ARE TO BE OBTAINED .
o s n WHEN ONLY ONg TYPE OF SOLUTION IS 70 gE
c OBTAINED,

LISTiCL) = 0
LI1ST2¢1) 8 0

ASYM m  FALSE,

IF COPENG) ENNFILE Up



i
4

AOoONOOOAMNOA

IF¢OPEN®) CALL OBEv(16,16HRELEASE FYouFOOI )
Us = UCH

IFECONV) WRITE(UCD,8¢5)

READ(UCY,810)0D]5K

IF¢ODISK,NE,0) U6 o 4

1F (U NE UcQ) DPENen TRUF,

1r e NOT,BPeNsy GO TO" 18

¢ .
CovaeeFOR AMES) T88 SYSTEM ONLY, OpEy SENDS COMMANDS TO TSS
CovesolCVRT 18 4 LIBRARY PROGRAM FOR INeCORE READ, REWIND, HRITE.

o el

DATOOON

1 8

ODISK = MOD(MAXD(},0D1S5K),10)

WRITE({ UCO,931) ODISK

Call UBEY(16,|6NRELEASE FTquFggy )
Call CVRT(OQISK, 1,

1 GUH(IDDEF FTQUFO001,,OUTPUT SOLVR NI, T1,8X) _ '
SY B, BHrBAL) )

CaLbl OBEY(32,X)

REWIND o

CONTINUE

ENTER 1D NUMRERS

IF(CONV) wRITE(UCO,B20)
READCUCI,B19) 10DY{,IDD2,1IDD3
IFLIDODY NEg,09 CHgCK o ,TRUg,

CHECK 1F F,LSE SUPPRESSES CHECKING OF AIM AND
RC FILE IDENTIFICITIDN NUMBERS

SKIP s  FALSF,

SKIP NHEN TRUE SUPPRESSES READING OF BOUNDARY CONDITION
FILE=eIT 18§ SET TO TRUE WHEN A CASE 18 COMPLETED aAND

MORE SOLUTIONS aRE TO BE DUBTAINED BY DELETINg ROWS aND
COLUMNS

OPEN AND READ AIM FILE

ON SYANDARD COMPUTER REMOVE FOLLOWING CALL AND DPEN
STATEMENYS AND ATTACH STATEMENT NUMRER 2a 10 RE4&D
SYATEMENY



¢
CuseesFOR AMES' T8S VEKSION ONLY, AJMFIL ISSUES DDEF T0 DPEN

CenwsedlM FILE,

c

CaLl AIMFIL¢IDDi,I002)

READ(UY11) ID1,1D2,NSEG, TITLE,NTITL,PP,cWTYPE,MM,MREF,
I1SWIYPE ,NMAX, KK, MODES , UNSYM, LMIN, LMAX,JIMAX,JJ, MACH,EPS,
SDELTAQ, (CHICP{I),lel PP),(NINDEX(I),1m1,MM),
SfE‘ACP(HJp"IIpHﬂ}

£
c PP s NUMBER OF CHOROWISE cONTROL POINTS
C MM s NUMBER 0OF SPANWIBE CONTROL POINTS ON ENTIRE WING
c MODES & TYPES OF MODES AVAILABLE
c D B SYMMETRIC ONLY
o LESS THAN 0 = ANT1-SYMMETRyC ONLY
o MORE THAN o & ALL MODES AVAILABLE
c UNSYM & SYMMETRY INDICATOR ,
c NOT 0 m UNSYMMETRIC WING

w C n = SYMMETRIC WING

® CHICP = LOCAYIONS OF CHORDWISE CcONTROL POINTS
¢ ETACP » LOCATION OF SPANWISE CONTROL POINTS
c .
c ASYM s ,TRUE, FOR UNSYMMETRIc WING
¢ s ,FALSE, FOR SYMMETRIc WING
c Sym ¢ ,TRUE, FOR SYMMETRIC WINp
c » FALSE, FOR UNSYMMETRIe wWING
o

IF ¢UNSYM _Nf ,0) ASYM ¢ ,TRUF,
SYM m NOT ASYM

c UNLESS CHECK m» ,FALSE, CWECK TO BE SURE 1D ON F1LES
c MATCH THOSE READ IN
£

CoveesTHIS CHECKING IS NOVT NECESSARY FOR THE sMES: VERSION, RUT IS
Covss s DONE ANYWAY,
1F¢ NOY,CHECK) 5O TO d3
1F¢Int,EG,IDDY) GO TO 3%
IF (BATCH) CaLL STOP (uCO,i  IDDy DOES NOT MATCH aAIM FILE',
1FLOATCID1))
PAUSE *+ 1DD! DOES NOUT MATCH AlM FILE VaLug!



35 IF¢In2,EQ,IND2Y GO TO 4%
IF (BATCHICALL
{STOP2(UCO, t0D> READ 1IN DOES NOT MATCH AIM VALUE 1,
2FLOATCID2))
PAUSE ' IDD2 DOES NOT MATCH AIM FILE Valug

c
c OPEN BOUNDARY CONDITION FILE
4% CONTINUE

c .
CoesesBCFIL ISSUES DDEF CONTROL CARD FOR AMES' TSS VERSION,

¢

CaLl BCFILcID:,1DDY)

READ¢UA)Y 101,108, TITLE,UNSYM, NSYM,NASYM, ¢BCS(]),
1121,10),(BCAS(]), el ,10),PP,CNTYPE,MM,MHP , MMP L, MREF,
2SWTYPE, (XCHICP(1)s121,PP), (NINVEX(I)  InlsMmP),
I(XETACP(1),11,MMP)

c ’ .
c NSYM - g NUMBER OF SYMMETRIC CaSES
o C NASYM o NUMBER OF ANTISYMMETRIC CaSES
w C "MMP e NUMBER Dp SPANWSIE CONTROL POINTS USEn pOR
o THE SYMMETRIC CaASES
o MMP A ¢ NUMBER OF SPANWISE CONTROL POINTS USEn FOR
c - THE ANTI=S3YMMETRIC CASES
c XCHICP z LOCATIONS Og CHORDWISE CONTROL POINTS
c XETACP ¢ LOCATIONS OF SPANWISE CONTOROL POINTS
C

1F ¢ ,NOT,CHECKY GO TO 60 ,

IF¢Ipt EG,IODLY GO TO 48

IF(RATCH) CALL STOP2(UCO,!' aC FILE AND alM FILE pO NOT
IHAVE MATCHING 10 1,FLOAT(IDY))

PAUSE ' BC FILE aND alM FILE DO NOT HAVE MATCHING ID 1

ue IF(IpD3,Ew,.Ip3dy GO TO 60

IF(BATCH)ICALL STOP2¢UCO,

1" IDD3 DOES NOT MaTCH HC FILE VALUE ! ,FLOAT(IDS)Y)

PAUSE 11DD3 DOES NOT MATCH 8¢ FILE VaLUE!

c
¢ CHECK THAT CHORDWISE AND SPANWISE LOCATIONS MATCH ON
c TwD FILES

6n 0O 6% 1 =1,PP



09

e —— et

(s XaNglal

s Xale En)

IF(eHICP (L) JEQ, XCHICP(I))Y GO TO &1
IF(BATCH) Cai L STOP?2
1(Us, ! CHORDWISE cONTROL POINTS ON FILES DO NOT MATCH t,
2FLOAT (1))
PAUSE 'cHORDWISE CONTROL POINTS DO NOT MATCH!
&1 CONTINUE
DO 62 1 = ), ,MMP
IFCETACP(I) JEQXETACP(1)) GO TO 62
IF¢BATCH) CALL STOP2(Us, 13PANWISE CONTROL POINTS DO NOT
1 MATCH ON 2 FILES aY INDEX t,FLOAT(I))
PAUSE 'SPANWISE CONTROL POINTS DO NOT MATCHW!
62 CONTINUE

INITIALIZE VARIABLES
KJUMP s » FOR SYMMETRIC WING
g | FOR UNSYMMETRIC WING

IFeSYM) KJUMP & >

IF(ASYM) KJUMP g |

KK2 = KK

NMAYX2 = NMAYX

NROWS » PP

i1 = 0

Le = 0

LYy =0

PPNEW u PP

NTYPE w1

MMNEW g MM

MIDDLE = MOD (MM, ) wMMP

Ie(SYM) GO TO &%

JE ¢(MoDES,GT,0) Go Ta TO
IF¢BAYCHY CaLl S$TOP2¢Us,

1 1 UNSYM WING BUT NOT aALL MODES ARE AVAILABLE Yy
2FLOAT(MCDESY)

PAUSE '1UNSYM WING BUT NOT sLL MODEB ARE AVAILABLE i

6% IF(CONV) WRITE(UcD,840)

READ IN VALUE FOR NTYPE
0 = SYMMETRIC CASES
of u ANTISYMMETRIC CASES

et s imin Bimnmam i ek g



19

OO OOO N0 ND

68

69

{ & BOTH SYMMETRIC AND ANTISYMMETRIC CaSES

FOR AN UNSYMMETRIC WING NTYPE g o
READ(UCI,A10) NTYPE

IF(MODES,GT,0)Y GO TD 8%

1F ¢MODES EQ,0 ,AND NTYPE ,EQ,0y GO TO 75

1F (MODES,LT,0,AND,NTYPE (T ,0) GO T0 a0
JF(MODES ,EQ,0, AND NTYPE GT, 0y GO T &8

1F (MODES,L.T,0,AND NTYPE,GT,0) GO TO &9
TIF(BATCH AND NTYPE LT,0) CaLL SYOP2(Us,

1! ANT]«BYMMETRIC MODES ARE NOT aVA(LABLE ',
2FLOAT(MODES))

IF(BATCH AND NTYPE GE 03 Cati

{STOP2(Us,! SYMMETRIC MOUDES ARE NOT AVAILABLE ',
2FLOAT(MODES)) ' '
IF¢(NTYPE LT, 0

{PAUSE 'ANTI=SYMMEIRIC MODES ARE NOT AVAILABLE!
IFtNTYPE,GE,0) PAUSE

{PSYMMETRIC MODES ARE NOT AVAILABLE!

GO Y0 &%

NTYPE a o

WRITE(UCO,881)

¢0 To 78

NTYPE € el

WRITE(UCD,88))

0 to 8o

INDDEL 1S AN ARRAY CONTAINING INDICES 0OF COLUMNS OR
ROwWS TO rE DELETED .
INDROW 15 AN aRRAY INITIALLY FILLED WITH INDICES OF all
ROWS FOR THE PARTICULAR TYPE OF WING,
{NDCOL 315 AN ARRAY INITIALLY pILLED WITH INDICES
OF ALL COLUMNS FDR THE PARTICULAR CASE
AFTER EACH DELETION A CALL I8 MADE YD SURROQUTINE KRUNCH
AFTER WHICH INDROW CONTAINS INDICES OF ROWS T0 gE '
RETAINED OR INDCOL CONTAINS INDJICES OF cOLUMNS TO
BE RETAINED,
NRECD s NUMBRER OF LOGICAL RECORDS
NCOLSE » NUMBER QF COLUMNS QGEFORE DELEYION OF

UNWANTED COLUMNS



9

o0

Moo ory 5

aRealg

70

7%

a0

85

NCOLSA e NUMBER OF COLUMNS AFTER DELETION OF
UNWANTED COLUMNS

NROWSB 5 NUMBER OF ROWS BEFORE DELETION OF UNWANTED
ROWS

NROWSA x NUMBER OF ROWSA AFTER DELETION OF UNWANTED
ROWS,

UNSYHMMETRI? WING
NXK = PP &« MM
NCOL SBeNMAX & KK
NRECDS g MM

60O T0 i2on

SYMMETHIC BOUNDARY CONDITIONS ONLY
NXR 2 PP & MMP

NCOLSB = NMAX wr(KKe1)/2 )

NRECDS o MMP

NXC g NCOLSEB

60 10 12t

SYMMETRIC WING WITH ANTILSYMMETRIC g, C, ONLY
NXR 3 PP a MMPA

NRECDS » MMPA

NXC s NMAX * (KK/2)

NCOL 3B = NXC

G0 YO 1214

SYMMETRIC CASES FOR SYMMETRIC WING WITH ROTH
SYMMETRIC AND ANT]«SYMMETRIC BOUNDARY CONDITIONS
IF(NTYPF,LT,0) gD TO 95

NYC s NMAX s¢{XKk+1)/2)

NCOLSB g NMAX & KX

NYR o PP o MMP

NRECDS 2 MMP

I¥ =0

DO 90 I s 4 ,KK,2

L m (I=)1) % NMAX + §

K 2 L 4+ NMAX » |

it e e i e e



€9

90

la Xz Nl

95

s BaRele}

9

L)

120

121
122
123

124

C

T T e e e st me i asi

00 90 J = L,K
Ix = Ix + 1
INDCOLe¢IX) = J
G0 70 (23

ANTILSYMMETRIC CASES FOR 4 SYMMETRIC WING WITH ROTH
SYMMETRIC AND ANT1.SYMMETRIC BOUNDARY CONDITIONS
NYC = NMAX 8¢ KK /2)

NROWSE = PP » MMP

SPACE PAST THE SYMMETRIC BOUNDARY CONDITIONS a8 THEY
ARE NOT NEEDED

DO 98 1 = | ,NSYM
READCUS) -
NCOLSE = NMAX « KK
1¥ = 9

DO 97 1 = 2,KK,2

L o t1=1) » NMAY ¢ |
K 2 L ¢ NMAX = |

bo 97 J = L ,K

Ix 2 I¥ + 1
INDCOLcix) » J

NXR g MMPA 4 PP
NRECDS = MMPA

GO 10 123

NYC & NMAX « KK
00 122 1 = §,NXC
INpCOL¢I) = 1.

DO 124 I = |, NXR

INDROW(1) = 1
NROWSE = NXR
N2 m NxC
N3 m NXR

NCOULSA g NXC
NROWSA 2 NXR

Coees NSYM2 AND NASYM2 ARE THE NUMRERS OF SYMMETRIC AND ANTI.



t..tﬂ
c...l

‘ C

130

200

JSYMMETRI¢; SOLUTIONS YO BE OBTAINED aND BCS?
(AND 8CAS> DENOTED THE TYPES OF raSES,

NSYM2ENSYM

NASYMPaNASYM

DO 30 I=y,10
BLCS2(1)eBCE(])
BCAS2{1)=2BCAS(])

1F (UNSYM N§ O ,0R, NTYPF GT 0y GO TO 150
IF (NTYPE ,LT,0) GO TO 40
NASYMZ=20

DO {132 1I=§,10
BCAS2(1)m,FALSE,

CONT INUE

60 YO 15y

NSYM2xp

DO 142 Isi,l10
BCS2¢1)=,FALSE,

CONTINUE

CONTINUE

NCOM = o
IF¢rOM,EQ, KNES) GO TO 200

INITIALIZE COMMANDS
SToRE = ,TRUE,
COMSUM s FALSF,
POINTS » FALSE,
RHS =  FALSE,
PEOL = ,FALSF
CONTIN g CONV
PIND & ,FALSE,

CONTINUE

NCOM = NCOM o |

IF (NCcOM,GT NCOMRYy CalLL STDPZ(Us,

y! TO0 MaANY COMMANDS t,FLOAT{NCOM))

’

IF (CcONV) WRITE (UCH,B45)
READ(UCI 895) (CARDIMCI,NCOM),lgq,4)



§9

COM g CARDIM(1,NCOM)
210 CONTINUE
IF (COM ,E0, Hals) GO YO 228
IF (cOM _EG, NEWS) GO TO 17
IF (cOM EQ, KNES) &O TQO 17
IF (pOM ,En, DeMs) GO TO  34p
If (cOM ,EQ, DSMg) GO TO 360
iF (cOM ,tQ, DePs) GO YO 370
IF (cOM ,EQ, DS5P$) GO TO 390
IF (O™ EQ, DPPsy GO TO 1398
IF tcOM JEQ, ¢ONS) GO TO 239
IF (coM ,EQG, STaR) Go To 400
1f ¢(cOM EG, NSTs) GO TO 211
IF (rOGM EQ, $T0s) GO TO 212
IF (eOm EQ, SUMs) GO TO 213
1F (cOoM ,EQ, NSUs) GO YO 214
IF (cOM _EG, PePs) GO TO 2iS
IF (cOM LEQ, NPrs) GO TO 218
IF ¢(coM EG, RHSs) Go Tg 217
“IF (rOM EG, NRHsy) GO TO 218
IF (rOM ,tQ, P30s) GO TD 219
IF (rOM ,EQ, NPgs) GO TO 220
IF. (cOM _EQ, PINs) 6O TO 22%
IF (cOM LEQ, NPIg) GO YO 222
IF (cOs LEQ, SETs) Go Yo (53
IF (rOM _EQ, TS58g) GO YO 223
IF (cOM _EG, RPM§) GO TO 226
IfF (cOM ,EG, RrPs) GO YO 232
WRITE(UCO,850) (CARDIM(ISNCOM),121,4)
1F ¢ NOT,CONTINY STOP
NCOM w NCOM . | ‘
60 10 200
o
211 STORF = ,FALSE,
1Dd=p
G0 10 200
212 STORF = ,TRUE,
~0 10 200
213 COMSUM & ,TRUE,



60 10 200

214 COMSUM = FALSF
G0 T0 2on

215 POINTS =z ,TRUE,
60 T0 200

216 POINTS a _FALSE,
G0 T0 200

217 RHS = [ TRUF,
G0 10 200

218 RHS = _FALSE,
GO Y0 200

219 PSOL & _TRUE,
GO T0 200

220 PSOL s FALSE
¢0 TO 200

221 PIND & [ TRUE,
G0 10 200

222 PIND = _FALSE,
&0 Y0 200

99

O MYND

23 cONTINUE

185 CUMMAND 18 FOR THE aMES:' VERSION ONLY, IT ALLOWS COMMANDS
TO E GIVEN TO THE OPERATING SYSTEM FROM THE PROGHAM,

READ(UCI,B06) TSSCOM
CaLL CBEY(Rp,TSSCOUMY
gD YO 200

c Hal.?t
225 IF(OPENE) ENPFILE Ue
IF¢DOPENe) Call OBEY(16,16HRELEALSE FTO4F001

WRITE(UCD,855)
GO T0 999

c

226 CONTINUE

c QPH---RESTORE PRESSURE MDDES




KK2 & KK
NMAX? £ NMAX _
IF ¢(MODES ,GY,0 ,aND, SYMy GO YO 28
DO 227 1ml,NCOLSH
227 INDCOL ¢I)=21
NCOLSAaNCOL S8
N2zNLOL_ SR
0 T0 200
ceB CONTINUE
o
Coness MORE MODES ARE AVAILABLE THAN REQUIRED, [,E,, SYMMETRIp WING WITH pnTH
Coeeers SYMMETRIC AND ANTISYMMETRIC HMODES AVAILABLE
c :
Kl=y
IF ¢NTYPELLT,0) Kig?
NCOLSA = ¢
DO 229 KN ,KK,E
1aPPrrkey)

- DO 229 P=x} PP
NCOLSAGNCOL 8A .
INDCOL (NCOLSA) = Pt

229 CONTINUE
N2eNCOL 8A
G0 T0 200

L9

32 CONTINUE

RCPe=wRESTORE aALL CONTROL POINTS

oMacYND

L! =p

L2sn

(. 3den

LIsTics) = O
LIST2(1) = 1
PPNFWgPP

MMNE weMM
NROWSAzNROWSEH



c....l

Covss s HAVE TO HE DELETED]

CoopeoIF MM IS 0ODD (MOD(MM,2)31),

C

233

oLy Y

235

340

344

346

JUB

350

IF(MODES,LT,0) NROWSASNROWSA=MON(MM,2) PP
NI = NROWSA

DO 233 I=y,NROWSA

INDROW () =Y

GO T0 200

CONTINUE
CONTIN = ,TRUE,
60 10 200

DrMewmmoeDELETE ¢HOROWISE MODES

NMaXp I8 THE NEW NUMgER OF CHORDWISE MODES
IFecONY) WRITE(UCO,B65) NMAXI, NMAX
READ(UCT,B10) NMAX2

NMAX2 2 MINO¢(NMAX ,NMAX2)

IF(NMAX2 ,EU,NMaXYy GO TO 00

1¥ (NMAX2,61,0) GO TO 344

IF¢BATCH) CALL STOP2(Usb,1 INCORRECT VALUE FOR NMaxg
tFLOAT(NMAX2))

WRITE(ULOD,887)

GO T0 200

J = 0

1ADD = 0o

IMAX = NMAXZ + |

DO 348 I m IMAX,NMAX

J = J+e i

L 2 | « 14ADD

INDDEL¢J) = L

17 (INDDEL (J) ,EQ,NCOLSH) GO TO 380
CONTINUE

1ADD & IADD 4 NMAX

GO TO wde

CALL KRUNCH¢J, INDDEL,N2,INDCoL ,NCpLSA)
N2 £ NCOLSA

FOR aNTISYMMETRIC CASES ONLY THE CONTROL POINTS AT THE CENTER| INE
CONTROL POINTS WILL BE AT THE CENTERLINE

'y



60 10 200

KKp 1S THE NEW NUMRER OF SPANWISE MOODES, all
COLUMNS TU THp RIGHT OfF KK2 « NMAX WILL BE DELETED,
360 IF(CONY) WRITE(UCC,B870) KK2,KK
READ(UCI,B1g) KK2
KK2 = MINO(KK,KK?)
IF (KK2,FN,KKYy GO 10 200
IF{KK2, 67,0} GO TO 3&4
IF{¢ONV) GO TO 38
Call $Top2(Us,' INCARRECT VALUE FpR KK2 feFlpaT(KK2))
362 WRITE(UCO,BTuUY
| NCOM & NCUM » ¢
| GO TO 200
' 364 IF(MODES,GT,0) LX ® KK2 « NMAX + 1§
IF(MODES ,EQ,0) LX s ((KK2+1)/2)aNMaX+]
IF(MODES ,LT,0) LX = (KK2/2)eNMAYX#q
Jao
‘DO 367 I & Ly,NCOLSB
Jz J s+
INDDEL(J) = 1
367 CONTINUE
60 10 3Sqa

c
¢ DEMmewDELETE SPANWISE MODES
c
C

69

DePwweDELETE ¢HORDWISE POINTS
PDEL IS aN INTEGER ARRAY OF NOT MORE THAN 7
CHORDWISE POINTS TO mp€ ODELEYED, MUST nE
IN ASCENDINg ORDER’
370 IF(CONV) WRITE(UCOD,87S)
READ(UCT,B76) (POEL(L),Imq 1)
IF(PDEL(1) L,eG,0} GO TO 200
DO 373 ] = {,1{7
1F(PREL (1) ,EQ,0) GO TO 372
Lt 2 Lt + 1
LISTi(Lt) = PpeELCI)
o LISYy IS AN ARRAy CONTAINING THE INDICES OF DELETED
c CHORDWISE POINTS
' G0 YO 373

oo




312
37%
374

376
LLL

oo n

390

1 ¥4

392

LAST 2 1 =« |}

0 10 74

CONTINUE

1LASTey7

PPNEW u PPNEW o | AST

Ny = O

o0 376 1 a I,NRECDS

nO 376 K = §, LASY

Nt = NI + 1§

IPOINT » PP * (]=i) + PDEL(K}
INDDEL¢N1)= JPOINT

CallL KRUNCH(Ny,INDDEL,N3, INDROW NRDOKS2)
Nt ® NROWSA

G TO 200

DSPe==DELETE SPANWISE POINTS

MDEL IS aN INTEGER ARRAY OF NOT MORE THAN (7
SPANKISE POINTS TO RE DELETED IN ASCENDING ORDER,
1FCCONV) KRITE(UCO,87T7)

TO DELETE THESE POINTS INCREMENTS OF PP ARE
ADDED T0O REACH POINT (NREECD.1Y TIMES AND THE
RESULTS STORED IN THE INDDEL aRRAY, SUBROUTINE
KRUNCH IS THEN CalLED TO DELETE TWESE POINTS,
READ(UCY,876) (MOELC(I)Y1a1,1 )

IF(MpEL(L) ,EQ,0) GO TO 200

Ny =00

Do 394 t = 1,17

IX » MDEL(D)

IFcIx,s0,0) GO To <84

1F(SYM,AND,1X,GY ,M]DDLE)IGO 7O 394

MMNEW g2 MMNEW o«

IF(IX,NE MIDDLE ,AND,SYM) MMNEW g MMNEW »

Le = L2 + 1

L1sT2¢L2) = 1x

Lx =2 (1Xal) » PP ¢

JX & X « PP

DO 392 J = Lx,JX

N1 = Nt 4 |

INDDEL ¢(N1) = J



194 CONTINYE
G0 10 184

OFPe==DELETE PARTICULAR POINT

READ INDICES OF POINTS TO pgE DELETED
398 1F(COUNV) WRITE(UCD.,BY8)

READ(UCI,B10) PyM

LY o L3 ¢+ |

LISTI(1,L3) 2 P

LISTI(2,L3) e M

INDDEL (1) = (M=) » PP + P

Ny =

GO T0 84

2 Ne el

la gl

8TaRY
4p0 IF (NROWS, ,GE _NCOLSaY GO TO 420
IF(aatcH) cALL STOP2(U6, 1 HORF UNKNDWNS THAN FQUATIONS!,
FFLOAT(NROWSA))
PAUSE tMORE UNKNOWNS THAN EQUATIONSH
‘60 10 200

¥4

420 1Fc¢,NOT,STOREY GO YO 430
CaLl OREY (22,2UKDDEF FTO9F001,,INFILE ]

REWIND U2D

READ(V2p) 1Da,1DB, IDC 104

tba w 104 & )

REWIND U20

NRITE(Uan)IDApIDBpIOC 104

ENDFILE uZn

CALL OBEY{ 16,16HRELEASE FYT09F001)
IF (ODISK,NE,0) WRITE(UCO,932) ID4

C WRITE HEADING INFORMATION :
430 WRITE(UG,886) (TITLECD),Iay,NTITL),IDY, Ioe,ros.lna,
1JJ,UNSYM, MOpDES , NTYPE,PPNEW, MMNE W, NMAX 2, KK 2,
2DELTAO, ”ACHr(BCStli 181,10, cucas:t; ::1 109
WRITE(US,812)



L4

aon

g e

Ly N 2 ]

435

449

442
444

446

iro

WRITE SUMMaRY OF COMMANDS

IF( NOT,cOMSUMY GO TO 4uo
WRITE(Ue,88T)

Do 43S J = {,NCOM

WRITE(Ub,B807) (CARDIM(1,J)},1nl,d4)
CONTINUE

SORY DELETED INDICES

1F¢ NOT POINTSY 0 YO 4?7
IF(L1,LEL1) GO TO 444

Ix = L4

K =2 L1 = 1

DO 442 J r 1,K
11811-1

DO 442 L = ¢,Ix

T el + 1

TEcLISTIC(L) LELLISTI 1)) GO TO 442
HOLD = LI8Ty¢L)

LISTI(L) & LISTI )
LISTi¢I) & HOLD

CONTINUE

1¥ (L2, ,LF,1) GO TO 470

Ix = L2

kK = Lé o« 1

DO 446 J = 1,K
IX:IK-!

DO aue L = y,1x

I s L + 1
IFPCLISY2¢(L),LE,LIST2¢1)) GO TO 4de
HOLD & LI8T2¢L)

LIST2(L) =& L18T2¢1)
LIST2¢1) n WOLD

tONTINUE

WRITE OUT cHORDWISE cONTROL POINTS
WRITE(U6,910)

1Ix » |

00 473 1 = | ,PP



£l

s NaRaXaXel

la N e

[ NuXsi

dr2
411

avy
47s

IPCLISTI¢IX) NF,Y) GO TO 472
IX =2 IX + 4

G0 10 473

WRITECUS,906) CHICPC(L)
CONTINUE

WRITE QUT SPANWISE CONTROL POINTS
WRITE(US,912)

Ix = §

DO 475 } = | ,NRECDS
IFCLIST2¢Ix) NE,IY GO YO 474
Ix » IX + 1

G0 10 475

WRITE(US,9n6) ETACPR(I)
cONTINUE '
IF(LY,FG,0) GO TO 477

WRITE DUT DELETED pONTROL POINTS
WRITE(UL,94)
PO 476 1 = §,L3

d o= LIST3(t,1)

47s

477

K & LIST3(2,1)
WRITE (U6, 915) CHICP(JI) g TACP(K)

READ BOUNDARY CONDITION FILE
12ERG o 0
IF(SKIP) GO Y0 48e

IEND 3 NUMBER OF RIGHT HAND SIDES

IF(NTYPE ,GE,0) IEND o NSYM
IF(NTYPE,LT,0) JEND ¢ NASYM
TFCASYM) TEND = NSYM + NASYM

ISTOP = IEND

IFENTYPE GT,0) ISTOP o NSYM ¢+ NaSym

ROYH SETS OF BOUNDaARY CONDITIONS ARE READ IN AT THE

SAME TIME IF gOtM TYPES OF SOLUTIONS ARE REGUIRED,

TH1S ELIMINATES TWE NEED 10O REWIND THE BOUNDARY CONDITION
FILE FOR SURSEQUENT CASES OF THE SAME CONFIGURaATIUN,



L T4

479
480

48z

484
4Bb

491

I1X a NROWSH

00 479 1 3 1,18T0P

IFCNTYRPE NE,1) GO TO 479
IF(1,GT ,NSYMY IX ¢ MMPA 4 PP
READ(UBY (ALFA(K,]1),Ks1,1Y)
IF( NOT RHS) g0 YO 4Be

WRITE BOUNDARY CONDITONS
WRITF (Una 898)

DO 484 It = },lgND

I = IZERD + I1

WRITE (Us,B97) I

J e

X =z PP

PO 483 M = 1 NRECDS
WRITE(US,B99) (ALFA(L,1),Lsd,K)
J 2 J « PP

Ke kK 4 PP

WRITE(US,B12)

¢ONTINUE

IF¢ ,NOY,PINDY GO 10 49y

WRITE OUT INDCOL, INDROW

WRITE (Ub,89p)

WRITE(U6,892) (INDCOL(J),J=1,NCOLSA)Y
WRITF (Ub,8%94)

WRITF(U6,892) (INOROW(J),Jo 1 NROWSA}

Call EQUATION SOLVING SURROUTINE

NKTP = NCOLSA + TEND

WRITE (U0,933) NROWSA,NCOLSA

CalL SOLVIT(NCOLSH,NCOL5a,NROWSH , NROWSA, IEND,READA, :
§IFHY U1y, INDCOL, INDROW,NRECDS, INVERS A, ALFA, IZERO,NB, NX,
ENAINV  ATA AR, IL X, AINV , RMBRES DT, TERR,NKTP,NROWS)
IF(IERR,NE QY CaALL STUP2¢Us,

{' ERRQOR IN EQUATION SOLVER, IERR 1S5 1,
2FLOATC(IFRR))



WRITE(US,89%) DET

¢
¢ SOLVIT DOES NOT CALCULATE RESIDUALS (YET),
¢ WRITE(UCD,907%)
C Do 495 1 = §,1END
€ WRITE(UCO,930) I, RMSRES¢I)
¢ 495 CONTINUE
¢
1F (,NOT,PSOL) 0 TO 542
c PRINT SOLUTIONS FIVE CASES AT o TIME
IF(IND,NE,1) GO TO 543
WRITE(U&,902)

- GO TO Sod
503 JF(ASYMYWRITE (U6,900)
1E CSYM AND NTYPE ,GELO)WR]ITp (U6,904)
IF(SYM AND NTYPE LT,0)WRITE(Us,902)

5a4 CONTINUE
DO 511 JJJs §,1END,S
J4 & MINO(JJJ+U, TgND)
WRITE (U6,901) (CASE,JK,JKedJJ, Jd)
TICOUNT ¢ ¢
Do %505 II = {,NCOLSA
IF(ICOUNT, ¢@,0) WRITp(UG,B12)
ICOUNT w 1COUNT 4+ @
1F (1COUNT EU _NMAX2) ICOUNT a o
505 WRITECUG,90T) (11, (X(11,JK),JKaJJd,Ju))
511 CONTINUE
512 1F(,NOT STORF) GO TO 518

S

STORE RESULTS

IF 30TH SYMMETRIC AND ANTIYSMMETRIC SOLUTIONS ARE TO
STORED BYPASS OPENING FILE AND WRITING TITLE INFORMATION,
15 CIND,EQLL) 6O TO 513

OOMoOn

Covve BNKFIL 18 FOR AMES:( 7SS VERSION, RNKFIL ISSUES CONTROL CARDS TO THE 18§
..., ,OPERATING SYSTEM TO DEFINE (DDEF) THE SOLUTION FILF,
C



9L

513
514
5¢8

s Na e Nal

aNgule]

522

la §

s NaNeXeNa el

523

524

Call BNKFIL(ID1,102,1ID3,104)
WRITE(U12)IDY,ID2,103,1D4, TITLE,SYM NSYM2,NaSYMZ,

1(RCB2(1),1e1,10),(BCAS2(1),I2L,10),NMAX2,KK2,JJ,
2PPNEW, MMNEW , NROWSA,DE| TAO,EPS,MaCH

DO 544 1 = ),1END
WRITVE(UI2)(X(Jsl),Jm) ,NCOLSAY
IFI(NTYPE LF.0) GO TO S§SO

CASE WHERE THE WING 18 SYMMETRIC aND SOLUTIONS ARE
10 BE OBYAINED FOR BOTH SYMMETRIC AND ANTI=SYMMETRIC

BOUNDARY CONDITIONS
IFeIND,EG,1) GO TO S40

ADD NMAX TO EaCH ELEMENY OF ¢INDCOL) YO OBTAIN
ANTISYMMETRIC MOOES

DA %22 1 = 1, ,NCOLSA

INDCOLeL) = INDCOL¢I) + NMAX

IEND = NASYM

IND = 4

12ZERO x N5yM

TF (MOD(KK2,2) JNE,O) NCOLSA 3 NCOLSA=NMAX)
NCOLSB REMAINS THE SaME

TIF (MMP EQ HMPA) GO TO S26

DELETING CONTROL POINTS ON CENTERLINE,

& DIRECT COUNT OF POUINTS ON THE cENTERLINE 18
NECESSaRY SINCE THE DPPOINT COMMAND MAY MAVE BEEN
USED, NUMCL s NUMBER CURRENTLY ON THE cENTERLINE,
NUME| e 8

JMIN 8 NROWSHwPP,|

IMIN = MAXA(NROWSA=PP+t,1)

DO S25 J = JMIN,NROWSB

DO S23 1 a IMIN, NROWSA

1IF¢JLEG,INPROWE])) GO YO Spu

CONT INUE

GO TO S25

NUMCL s NUMCL & ¢
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aNaREaRala

onm

'aNal

525

526

Sde

542

Sub
5%0

IMIN 2 MINO(CIMING},NROWSA)
NROWSA 3 NROWSA <« NUMCY
NROWSBE x NROWSB « PP
NRECDS a NRECDS o

CONT INUE

BACKSPACE THE INFLUENCE MATRIX FILE TO THE REGINNING
OF THE INFLUENCE MaATRIX,
REWIND Uy

. RERD (U11)

IF SKIP & ,TRUE, BYPASS READING OF BOUNDARY
rONDITION FILE,

IF{SKIP) GO TO 4Be

60 Y0 48e

CONTINUE

NOW THAT THE ANTISYMMETRIC SOLUTIONS HAVE BEEN
OBTAINED AND (IF REQUIRED) STORED, THE

AFFECTED VARIABLES WILL BE REBET TO VALUES APPROPRIATE

FOR FURTHER SOLUTIONS TO THE SYMMETRIC CASES
IEND = NSYM

ING w0

1F (MOD(KK2,2),NE,0) NCOLSA & NCDLSA + NMAX?
DO Su2 I = §,NCOLSA

INDCOL¢1) = INDCOL¢I) - NMax

IF (MMP g, MMPAY GO TO S4é

NROWSA x NROWSA 4 NUMCL

NROWSB g NROWSB + PP

NRECDS s NRECDS + 1

cONTINUE

CONTINUE

1F¢STORE) ENnFILE t2
I[F¢STORE)Y WRITE(UG,88%)

AT THIS PUINT THE SOLUTION{S) HAYE BEEN OBTAINED
AND(IF REQUIRED) STOREp ON THE SOLUTION FILE,

——— —— e —— e .
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IF MORE SOLUTIONS ARE TO BE OBYAINED WITH THE CURRENT
INFLUENCE MaTRIX, Uyy WILL MavE TO BE REWOUND aAND
SPACED TC YHME REGINNING OF THE INFLUENCE MATRIX,

THE PROGRAM ASSUMES THIS IS THE CASE UNLESS THE NEXT
COMMAND IS HalTl, NEW, DR KNEW

WRITE(Ue,888)

IFccONV) WRITEUCO,8u45)

NCOM = |

READ(UCI,B08)(CARDIM ¢l ,NCOM), I ,uy

COM s CARDIM(q,NCOM)

1F (COM ,pQ, Hals) GO TO 225

1IF (cOM LG, NEWg) GO TO 1?7

IF (cOM ,bQ, KNES) GO TO 7

SKiP = ,TRUE,

NCOM o

REWIND U11
READ (U11)
WRITE(UG,812)
GO T0 2i%0

796 FORMATeL 1)
801 FORMAT(IH ,VENTER BATCH!' ;)
RoS FORMAT (daAlY)

806 FORMAT r204A4)

807 FORMAT(|H ,4a%)

Bio sORMAT(1615)

B12 FORMAT¢{H )

By5 FORMAT((H ,'ENTER ODISK')

820 pORMAT(In ,'gNTgR [DD{,IDD2,10D3 ' )

Bu0 FORMAT(IH ,1ENTER VALUE FOR NTYPE, 0 FOR SYMMETRIg,!,1X
1181 FOR aNTI=SYMMETRIC,',' 1 FOR ROTHY ) .

BYS FORMAT(LIH ,14t )

B50 FORMAT (1M , 'UNRECOGNIZED COMMAND 1,443 )

855 FORMAT(IH , 1PROGRAM TERMINATED BY HalLT COMMANDI /)

865 PORMAT(IM L, 1ENTER NEW NUMHER OF CHORDWISE wmODES!,
11X, 0LD VALUE I8¢,15, 1+ ORIGINAL VALUE WaS1,12 )

Bb7 FORMAT(yH , tINCORRECT VALUE FOR NMaxp, AT ¢ SIGNY,

P S
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11X, 1REENTER COMMAND DCHM 1 )
870 FORMAT(LH ,1ENTER NEW MAXIMUM NUMBER OF SPANWISE MODES!',
11X, 100D MAXIMUM 18  1,12/7 ORIGINAL VALUE WaAS 1,127)
874 FORMAT((H , I INCORRECT VALUE FOR KKp, AT ¢ SIGN 1,
1 tREENTER COMMAND DSMt )
BTS FORMAT(IM ,'ENTER CHORDWISE POINTS TO nE DELETED 1,
11X, 117 MAXIMUM IN ASCENDING ORDER:Y )
876 FORMAT(171%)

877 FORMAT(iH ,tENTER SPANWISE CONTROL POINTS TO RE!,

11X, 1DELETED, 7 MaXIMUM sSCENDING ORDER! )

878 FORMAT(IH , 'ENTER INDICES OF THg PARTICULAR ',1X,
{tPOINTS TO BE DELETEDwwP My )

BaY FORMAT(//'0ANTISYMMETRIC MODES ARE NOT AVAILABLE, ',
12X, 'PROCEEDING WITH JUST SYMMgTRIc MUDES,'//)

882 FORMAY(//'0SYMMETRIC MODES ARE NOT AVAILABLE,!,2X,
y1PROCEEDING WITH JUST ANTISYMMETRIC MODESY//)

BAS FORMAT(1w0,'SOLUTION FOUND AND STOREDY,/)

886 FORMAT({H1/' DETERMINATION OF ANK COEFFICIENTS!/
{! SEECEENEEEIEECESEERUSIEEESRERZERR !/
11x,20a47/7' 1D} s ',13/ Ipe 2 1,13/,
{1 Ind s 1,13/ ID4 B 1,13/, JJ ® 1,13/,
2t UNSYM = 1,13/, MODES z ',13,7' NTYPE g 1y
313/ PPNEHW m ',]x/t MMNEW g ',I3/1 NMAXp N
413/ KK s ',13/¢ DELTAO = 1 ,F8,4/% MACH B 'y
SFa 4/ BLS s t,10L1/ BCAS z 1,1008/)

887 FORMAT({H , 1SUMMARY OF COMMANDS!, /)

8ds FORMAT(//' FINISHER'/)

890 FORMAT(1HO, ' INDICES OF COLUMNS 10 BE RETAINED!/)

892 FORMAT(T7¢iXs13,3X))

894 FORMAT(1HO, ' INDICES OF ROWS TU BE RETAINEDY,/)

895 FORMAT{/i THE DETERMINANT OF (A=TRANSPOSE}#4 = 1,
1ELS, 8/

BG7 FORMAT(LHO,'CASE ',12/)

898 EORMAT(1HO, 'BOUNDARY CONDITIONS AT ORIGINAL CONTROL POINTS!,

1/t (L,E, TO T,E,, RIGHY YIP YO LEFT TIPY! /)y
B99 FORMAT(IMD,8(F10,5,3X))
900 FORMAT(1HO, 1SOLUTION FOR UNSYMMETRIC CASES'/)
Q0t FORMAT(L1HO,2X,5¢SX,4d,13,1X))
902 FORMAT((HQ, 'SOLUTION FOR ANTleSYMMETRIC CASES' /)



€ 903 FORMAT{/{ CASE',SX,'RM8 RESIOUAL'/)
904 FORMAT(iHO, ' SOLUTION FOR SYMMETRIC CASES!/)
906 FORMAT(IH ,F10,9)
907 FORMAT(IH ,I3,1x,5¢F10,7,3X))
910 FORMAT({KO, CHORDWISE cONTROL POINTS USED'/)
912 FORMAT(1HO, 'SPANWNISE CONTROL POINTS USED',/)
9qu FORM4T(yHg,'SPECIFIC POINTS DELETED!/' cHIcP!,
110%, 'ETACPI/)
9185 FORMAT({H ,FB,5,9%,F8,%)
930 FORMAT(2X,12,7X,F10,6)
934 FORMAT( v OUTPUT 18 ON ,, ,OUTPUT SOLVR Nt,11:3Me44)
932  FORMAT(?' ID4s=),15)
933  FORMAT{' NUMBER OF CONTROL POINTS 21,15/
{ ' NUMRER OF PRESSURE MODES 3t,I5/)
999 STnP
END
SUBROUTINE SOLVIT(¢NCOLSB,NCOLSA,NROWSB NROWSA,NRHSS READA, IFMT,
{NUNIT,INDCOL, INCROW,NRECD, INVERS, A,B, IZERQ,NB,NX,NaAINY,
2ATA AR, IL, X, AINV RMSRES,DET, IERR,NKTP,NROKS)

08

s BNz EnlsNalnNe S N NaRu NaNs RaNr s Ra Na Ry

THIS SURROUTINE SOLVES 5 SET OF SIMULTANECUS EQUATIONS
(A)(X)=(E) AND,OR DETERMINES THE INVERSE MATRIX FOR A SWUARE 0R
RECTANGULAR (A) MATRIX IN THE LEASY SGUARES SENSE USING
HOUSEHOLDER IS HETHOD (UNITARY TRIANGULARIZATION OF A NONa
SYMMETRIC MATRIXp J, ASSOC, COMP. MACLH, 5, 1958),

THE (A) MATRIX Can EITHER BE InPUT THRQUGH THE aRGUMENT | 187

OR READ FROM AN EXTERNaL DEVICE, 1IN EITHER CaASE THE PROGRAM HaS
THE CAPABILITY OF STRIKING OUT ROWS AND/OR COLUMNS REFORE DETEKw
MINING Twk SOLUTION AND,/OR THE INVERSE,

INPUT Y
owewey
NCOL 5B
NCOLSA
NROWSH
NROWS A
NRHKSS
READA

NUMBER Of COLS, WEpORE DELETION Op UNWANTED 'COLS,
NUMHER OF COLS, AFTER DELETION OF UNWANTED COLS,
NUMBER OF ROwS BEFORE DELETION OF UNWANTED ROWS,
NUMBER OF ROWS AFTER DELETION OF UNWANTED ROWS,
NUMBER OF RIGMT HAND SIDES,

LOGICAL VARIABLE WHOSE TRUTH CAUSES THE (A) MATRIX
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FMT z

NLINIT 2

(INDCOL) =
{INDROW)»
NROWS ¢
NKTP z
(8) %
NR =
NX e
NAINY -s
NRECD »
1ZERQ =
QUTPUT

(%) T
CATNV) ¢
{RMSRES)

10O BE READ FROM aN EXTERNaL DEVICE,

FORMAT INDICATOR {(READAz,TRUE,).

n  MEANS UNFORMATTED

{1 MEANS FORMAY (8F10,0)

2 MEANS FORMAT (¢S5F1S,0)

1 MEAnS FREE FQRMAT (BF3} (IF SUPPARYED nY CaMPILER),
ANYTHING ELSE CAUSES A RETURN WITH IJERRai’

FORTRAN UNIT NUMBER FROM WHICH TO READ (A) (READA:
JTRUE LY,

INDICES OF COLUMNS TO BE RETANED,

INDICES OF RONS To BE RETAINED,

THE NUMBER OF ROwS STORED IN EACH LOGICAL RECORD

OR THE MUMRER OF ROWS YOU WISH TD PROCESS aT ONE TIME
(READAS ,TRUE,) OR THE FIRST DIMENSION OF (a) IN THE
PROGRAM WHICH DETERMINED (A) (READA®,FALSE,)},

THE NUMBER OF COLUMNS OF ATa, SHOULD RE SET IN CalLLING
PROGRAM TO NCLOSA 4+ NRHSS FOR INVERSa FALSE  OR 70 Two
TIMES NcOLSA « NRWSS FOR INYERSs,TRUE,

THE SET nF RIGHT HAND SIDES BEFORE STRIKING OUT UNa
WANTED ROWS tn) WILL NOT RE DESTROYED

THE FIRST plHENSION OF (n) IN THE PROGRAM WHIcH DETERe
MINED ¢R),

THE FIRSY DIMENSION OF Xy IN THE PROGRAM IN wHICH

(X) WILL RE USED,

THE FIRST DIMENSTON OF (AgNV) IN THE PROgRaM IN WWICH
taINv) WILL gE USED,

NUMBER OF LOGICAL RECORDS DR NUMRER OF TIMES YOU WISH YO O
THROUGH READ LOOUP, NRECD TIMES NROWS MUSY BE EQUAL YO
NROWSH PLUS 0 TO ROWSa!

COLUMN OF B ARRAY WHERE RIGHT HAND SIDES FOR

THIS CaASE BEGIN

THE SOLUTION, IT MAS NCOLSA ROWS AND NRHSS COLUMNS,
THE LEAST SGUARE INVERS OF (A) AFTER THE REGQUESTED

ROWS AND COLUMNS ARE NELETEpD, (AINV) HAS N{OLSA ROWS
AND NROWSA COLUMNS

THE SQUARE ROOTS OF THE AVERAGE SGUARED ERRORS FOR EACHK
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SET OF RIGHT HMAND SIDES,
DEY t THE DETEWRMINANT OF TWwE LEAST SQUARE MATRIX,
1ERR = ERRUR COOE,
6 MEANS NO ERROR,
{ MEANS READAs TRUE, AND IFMT(¢(RAS NOT 0,1,2, OR 3,
? MEANS THERE WERE FEWER EQUATIONS THAN UNKNOWNS
(NROWSA,L T NCOLSAY,
3 MEANS NB LESS THaAN NROWSSH

OTHER ARGUMENTS

1 3 I £ F X b X 0L 2 L B 2 1}

(ATA) s STORAGE SPACE pOR PERFORMING CALCULATIONS TnE NUMBRER
OF ROWS I8 NCOLSA AND THE NUMBER OF COLUMNS
185 NCOLSA+NRNSS (INVERSz FALSE,) OR NCOLSA+
NRHSSQNROHS‘ (INVEPSI.T“UF.);

(AR} » STORAGE SPACE, THE NUMBER OF ELEMENTS USED = THE
NUMRER OF COLUMNS OF (aATA)

(1L) = STORAGE SPAPE, THE NUMBRER OF ELEMENTS USED =z NpOLSA,

OTHER NOTES!
Y L L L R 3 L B 0 I 7
1, THERE IS & SYORAGE ADVANTAGE IN THIS PROGRaM SINCE
ONLY | ROW OF ¢a) NEEDS TO BE IN COURE aR ONE TIME,
2, C(INDCOL) wiLL AE COMPUTED AUTOMATICALLY 1F NCOLSAZNCOLSSB,
s, C(INOROw) WILL BE COMPUTED AUTOMATICALLY IF NROWSAgNROWSS
4, N8 SHOULD BE ,GE, NROWSH,
5. {F REAOA®,FALSE,, TLEN NROWS SHOULD BRE ,gE, NROWSs,

LOGICAL READA,INVERS

DIMENSION 2 (NROWS,NCULSB))B(NB,NRHSS8) , ATA¢NCOLSA,NKTPY,
{AR(NKTP), JLE(NCOLSAY s INACOL (NCOLSA)Y INDROW(NROWSA) , X (NX,NRHS8S}Y,
2AINV(NAINV,NROWS ) ,RMSRES (NRKHSES)

810 FORMAT(RF10,0)
B20 FORMATISF1S 0)
B30 FORMAT(REL10,0)
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ERROR CHECKS

IF{READAIGO TO

NRECD = 1

GO 10 2
IFCIFMT LE 3 AND IFMY GE 03y GO TO 2
IeRR & \

RETURN

IF ¢(NR ,GE NROWSH) GO TO 3
IERR = 3

RE TURN ‘ ‘
IF (NROWS A GE _NCOLSzy) GO 70 S
TERR » 2 ‘

RE TURN

IF(NCOLSA NE NCOLSHY GO TO 7
DO & I s 1, ,NcOLSA

INDCOL I 2 1

1F (NROWSANE NROWSBY GO TO 9
PO 8 I = {,NROWSA

INDROWETI) = ¢

INITIALTIZATION
CLEAR ATA ARRAY
pe 10 J = 1,NCUOLSA
DO 10 k = 1,NkTP
ATA(J,K) e 0,0
IRSTOP ¢ NROWS

IXX = 1ZERO &+ {
JXX g JZEHRO + NRHSS
IRBEGN = |

TPTROW 8

1X 3 NCOLBA 4+ NRMSS 4+
INV & 1X

IFMYCK = IFMT + 1

READ IN ONE LOGICAL RECORD OR AS MANY ROWS AS YQU WISH TO
QPERATE ON AT A TIME

00 200 K = {,NRECD

1P ,NOT READAY GO TO 4o
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(2 Ny 2el

19
eo
21
4

26

3n

4n

50

60

70

ICHECK s NROWSBAe kel )ANROWS

JEND = MINO(NROWS, ICHECK)

GO YO ¢19920,21,22) 9 1FMTCK

CONTROL SHOULD NEVER GEY Y0 MERE

SToP 13

READENUNIT)CCACL N)sNEy,NCOLSBY,Leq, END)

GO 10 26
READ(NUNIT,810)¢¢A(L,NY,N=1,NCNLSBY,Let, TEND)
G0 T0 26
READ(NUNTIY,B28) C(ACL,N) Ne1,NCOLSB) Ly, 1ENDY
60 10 26
RE‘D(NUNI"p830’((‘(LpN)'NlllNCQLSB)rL.lp LEND)
ENECK TO BE SURE WE wWaANY TO RETAIN AT LEAST ONE ROW
DD 30 J = IRBEGN,IRSTOP

I (INDROW(IPTROW) ,g@,J) GO TO 4o

CONTINUE

GO YO 199

REGIN MOVING ELEMENTS TO AR ARRAY CHECKING THAT THIS a4 ROW AND
COLUMN WE WISH TO RETAIN,

IROn = |

DO §170 J s IRBEGN,IRSTOP
IF(IPTRON ,GT NROWSA) GO TO 179
IFCINDROW{IPTROW) NE,JY GD YO 170
Mzl

00 50 L & 1,NCOLSB

1F (M, GT NCOLSAY GO TO S¢

17 ¢1NpedL (M), NE, L) GO TO S0
AR(MY = ACIRowW,L)

Moz Me |

tONTINUE

I s INDROW({IPTROW)

DO 60 L 8 IXX,JXX

AR(MY ¢ B(I,L)

M = Mgel

IPTROW g IPTROW , |

IFt NOT, INVERSY GO TO 7Ty

DO 70 L = (X, NKTP

AR(CL) & 0,0



—_— e

75

80
90
170

AR(INV) 2 1.0
INV g INV & |

DD 90 1 = §,NCOLSA

R o SQRT(ATA(I,1)#w2 + AR(I)#%2)
1F¢(R,E0,0,0) GO TO 90

C = ATA{L,/I)/R

5 & AR(l) / R

DO 80 L = {,NKTP

T2 ¢ C « ATAcl,L) +# § * ARcL)
AR(LY = =8 ® ATA¢p L) + € » AR(L)
ATACTILY = 12

CONTINUE

IROW & TROW 4 |

 IF(READA) GO-YO. 190

190
200
20%

210
220

300

310

GO TO 205

IRBEGN s [RSTOP 4 4
IRSTOP & IRSTOP 4 [END
CONTINUE

11 » ¢

no 220 § = 1,NEDLSA
IFCATACL, 1), LE,0,0000001y GO TO 2t0
ICeIY = II

1T =2 11 ¢«

G0 Y0 22n

ILel) = o

cONTINUE '

0o 365 J = §,NRHMED

NKTJ 2 NCULSA 4+ J

DO 300 I = 1, NCOLSA
AR(I) = 0,0

I1 & NpOLSA

no 340 ! = 1, NCOLSA
IFCILCID),LE,0) GO TO 340
J1 = ILcID) .
TIF(1I=NCOLSAY 310,330,350
Ik = 11 4 ¢

nt 320 K = JK,NCOLSA



320 AR(II) = AR(11) = AVA(JI,K) * AR(K}
330 ARCII) 3 (AK(II) ¢ ATA¢JI NKTJIIY/ZATA(JII,ID)
380 Il =5 Il « ¢
150 CONTINUE
DO 360 I w 3, NCULSA
X{1oJ) = Afi{1)
340 CONTINUE
165 CcONTINUE
DET = |
PO 376 | & §,NCOLSA
376 DEYT = DET » ATACL.1)
1F ¢, NOT,INVERS)IGO TD 400

¢ FIND INVERSE
DO 390 J ® | ,NCOLSA _
NKTJ m NCOLSA & NRkSS + J
00 373 1 » 1, ,NCOLSA
373 AR(Y) s 0.0
II » NeOLSA
DO 380 1 ® § NCOLS4
IFCILCITY LE,0,0) GO YO 38y
JI = IL(IL)
IF(II-NCOLSA)}?S.S?Q,;&S
175 1K =2 I
p0 377 K = xn NCOLSA
377 ARCII) = ARCID) = ATA(JI,KY * AR(X)
$79 ARCII) o(AR{IT) + ATA(JILNKTI)) AtA(JILID)
380 11 = It - |
385 CONTINUE
PO 388 1 =& | ,NCOLSA
188 AINV(I,J) = AR(1)
3apn CONTINUE
4oo IERR = o
RETURN
ENP
SUBROUTINE KRUNCH¢Ni, INDDEL ,Ng, INDEX,NU)y
Coress THIS SURROUTINE COMPUTES THE LOGICAL UNION OF THE SET
1 CoesesOF INTEGERS IN (INDEX) AND THE SET OF INTEGERS NOT
CoessoIN (INDDELY,

98
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Covses THE INTEGERS IN (INDDEL) AND (INDEx) ARE ASSUMED T0 RE
Cuveo  ARRANGED IN ASCENDING ORDER Ny aND N2 ARE THE
Cveus NUMBEN OF ELEMENTS IN (INDDEL) AND (INDEX), RESPECTIVELY,
| CaesesON RETURN, THp UNION 15 STORgD IN (INDgX) AND THERE aRg
| CoeessaNU ELEMENTS,
£
c,,..,EIAHPLE
' CeveselF (INDDEL) =2 2,4,6,8,9,10,15
C.....AND fINDEl) i’2p33“|°;1°;!1112 '
Censss THEN ON RETURN (INDEX)=2},3,11,12 AND NUsd,
DIMENSION INPDDEL¢Ny)
DIMENSIUN INDEX(N?)
MeTed
NZMiEN2wl
NUSN2
DO 20 Tal,Ni
00 10 Jangy, N2
Ke.l
IF(INDEX(J),GT,INpDEL ¢!
1

L8

¥) GO TO 18
}) GO TO 40

IFCINDEXtJ) LT, INDDEL ¢
NUzNUe}
IF¢J,GE N2YRETURN
DO & LsJ,NZMy
INDEX(L)wINDpx(L*1)
R CONTINUE
50 10 15
fo tONTINUE
15 N2ImkK '
IF(N21,GT,N2yRETURN
20 CONTINUE
RETURN
END ' :
SUBROUTINE STOP2(N,MESAGE,VAL)
DIMENSION MESAGE (2p)
WRITE(N,1) MESAGE, VAL
§TOP {3
t FORMAT (/77 adsus V,2008,1 wuann! ! VAL:',!PE&5.7)
END




